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{$4] OFTICAL OBJECTIVES OF VARIABLE
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{181 Inventorsy Gorden Henry Cook, Oachy, En.
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comprising & convergent first member which for &
given cbjeat distance remains stationary durlng the
woming wlative movements, &1 aaislly movable
divergent second meinber bohind the first member
having squivalent focal langth fi lyving aumerically
berwoen 4 and 8 rimes the mintmum value of the ratic
of the squivatent focal length of the complete ghje-
tive to the fnumber of the objective in the sange of
varigtion, an axialiy movable divergent thind member
behind the second member having squivalent focal
length fi Iving sumerically between 3 and 10 tmes the
minimum value of such retly, & slalionary canvergent
fourth member beliind the third membaer, & 2owm Son-
trob elemem, wnd mesns whereby operation of the
zoom tontral element causes the zooming relstive
movaments to be effected, wherein the tow! axial
movement of the second membsr in the rangs of
virition lies sumericelly betwesn 1.5/ and 2.5/, and
the total axisl movement of the thisd member in the
range Hes numericsly betwssn 0.25f and 0.57, the
minimdn sxial separation between the second snd
third membars occursing when the sguivaient focal
tength of the objset {s grantey than Hslf #s maximum
vidun I the range of vatities, the mavable divargent
tecond mwmiber consisting of v divergeat shmple
merisons compinent with it surfaces convex 1o the
front and g divergent compound component behind
such simple component, and the movable divergent
third member consisting of & doublet component hav-
ing its front surface concave to the front with radius of

1573 ABSTRACT curvatury lying numerically hetween 0.5 and $.0%.
A zoom e hav'ing an improved zooming range snd 22 Clatme, 7 Drawing Flgures
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OPTICAL OBIECTIVES OF VARIABLE
EQUIVALENT FOCAL LENGTH

This apphoation i & continuation-in-part of our grior
spphcation Sar. Mo, 309,268, filed Sep. 10, 1963, now
whandoned.

This i in i 1 L; ve of the

“zoom™ type, that is of the wype hswmg relatively mov.
able members whereby under the contrel of 2 zanm
* contrel elesment the equivalent focal fength of the ob-
jestive can be contt fy varied th A range,
whilst maisteining constant position of the imuge
plane, wheraby e sale of the image can b varied,
the objective being vorrected fov sphesical and chro-
matie aberration, come, astigmatism, field curvaturs
ol distortiog, In this type of objestive, arcommods-
tion far change of ohject position 12 vsually achisved by
mparting & mavement, independent of the wouming
relative movemnnis, 1o the front member of the objre-
tive.

Many difficulties arise in the design of such objec.
tives, and one of the profinms facing designess of today
is to schicve an incruased renge of varistion of equiva-
tent focs! fength und, whers possible, alse an creased
angliler ficld of view. Attempis to aghiove this hawe
usually involved the uses of relatively complicated mov-
able membars in e objective in wrder to make i possé-
ble to stabilize the sberrations thenughaut the range of
vasiation, such stabilized aberrations then being com-
pensated in a stationsry sesr membev of the objective
which alsn server to locrte the resulant heage plane in
a convenient position. This in torn involves the wee of
ridntively large and heavy movable members and nnt
only inereases the bulk and size of the cunploty objec
tve, but alse pr 1§ qevere mechanics! provdoms in
controfiing the movements, sspecinlly bearing it ming
that at lenst one of the mavable members must neaces-
sarily parform & movement hearing 2 non-linear vele
tionship o the movement of the 200m control slement.
Many attempts to extend the range of varation of the
equivaden focel length have failed, becsyse they have
demanded deparvtures from linearity of movement
which are impracticable mechanically, and oftsn too
mecauss they have involvod an increass in the bulk ang
size of the ahjective 16 unmanageahie proportions or

]

o
o

2

movements, the sscond and third ace diverpent and
maovabie, and the fourth iz convargent and stationery,
the minimum syparation between the sscond and third
membsrs cocursing when the squivalent focal lengih of
the objective is grealer than balf ite maximam value in
the range of variation, whilst the equivalent focnt
leagths £y und fp respectively of the movable sccond
and third members lie nomericelly respectively be-
tvest 4 and B thnes the minimum value of the ratin of
the sgquivalent focad length of the objective 1o the &
number of the objective in the range of veristion and
hetween 5 and {0 Smes such minimum rato, the divar
gunt mavabls t B tating of & divergam
simple meniscus componient with its surfaces convex to
the front followed by a divergent compound compo-
nent and performing during the range of varistion a
total axial mo t fying icaily bet 180
it 2.X fo, whilst the divergent movable third member
consiats of 8 doubler component having a front surface
concave 1o the front with radivs of cureature lying nu-
merivally between 0.59f- sod 1.0/ and performs during
the range of variation @ total sxial movement lying su-
maricnlly batween 0.25f and 058

Several speeific examplss of optieal objectives w
above deseribed will be giver later on in this specifica-
tion, and & table will bs found after the first cxample,
together with an ac¢ompanying explanation showing
she affect of varying those parsmstars for which ranges
of variation are given in the preceding passgruph within
the ranges spocified in that paragraph.

It s to be undesstond that the terms “lrom™ and
“roart, ox used herein, relate respoctively to the sides
af the objactive nearer to and furthar from the longer
conjugate in accardance with the uswal convention,

In nddition, the teem “total axial movement” is used
ta refes to 1he rotsl distance moved by 8 member dur-
ing zooming from one end of the range to the other, in-
dependently of the direction of mevement. Thus, a
member may move forward and then back during the
tatige of variztion, and it thix case the tota] nxial move-
ment s the numericst mm of the forward distence
myved plus the rearwand distance moved,

ft should alse b made olear that the tarm “internal
contaet”, whan used in conaection with a compound

have ftroduced too sevare optical dx!‘ﬁ ftivs in
achieving abersation correction.

Oae way of reducing the m cmpkvxmc& is
so ta arsange the sy,stem that the front member does
uet pavtisigate in the zooming movements for varving
the cquivalent focal length, 8o that this member is con-
cerned onty with focuasing movements snd is relieved
of the complication of superimposing fooussing maves
ments on zeoming mavements, Seeh pn grrangement i
utitized in the present inventlop, wharein the primery
ohject I8 to provide an mproved arrangsmont of the
muovable zboming svstem of the objective, which san be
employed with various different arrangements of the
fromt member and will cooperate therewith to anable
ahayretion stability to be achisved throughout & widely
extended range of varintion of the equivnlent foom!
length of the ahijectiva,

BRIEF SLMMARY OF THE INVENTION

The optical objective of the xoom type according to
the peasent {nvention hus four maesbers of whick the
first {counting from the front) for 3 given object dis-
tance temuins stationary during the zooming relative

h

L7
[~

b
P

comp i intended 10 ineluds, not only 8 cemented
contacs, but alsa what is commenly Rsown as a "bros
ken contact”, that i one i which the two vontacting
surfaces have slightly gifferent radli of curvature, the
effective mdiue of curvatore of sech 2 broken contact
being the arithmetic mean between the radii of curva-
tare of the individuzd contacting surfaces, whilst the op-
tical power of the beoken contaet i the hermonic masn
between the opticsl powers of the individus) contanting
surfages,
The characteristion of the movably second anid thirg
bers above speaified contelbute towards kesping

 the averall dimensions of the objective a9 small as pos-

&5

sibile snd schieving the beet compromize hetweoy the
diamatars and the relative apentures of the individos!
members of the ohjrctive, and alsn permit the foont
nodal points of the second and third members to be lo-
cated as far forward as possible, thus making it possi-
ble, not ooly to accommodate the desired movements
of the members without risk of fouling between the
members and with minlmuns {nersass in the ovaeall
tength of the ohjective, but also to achisvs & gond eom-
pramive betwean the dlameters and relative apertures
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of the individual members, and s the same tims 10 a8

Figt wowards the desired stubilization of the sbermtions,
especially of spherical aberration and voms, through-
ot 3 witdely sxiended rangs of vavistion of. Lhe equn-'av
lsnt foeal langth of the objective. g
FURTHRER FEATURES OF THE INVENTION
The compound componest in the divergent movable
seeontd member preferaby includes at Jeast one ron-
vorgent element and at least one divergent slement
mads of materials whose Abbe ¥ sumbers diffsr from
one another by more than 25, thus permitting such ses-

4

facilitate the mtammem of 8 wide relative apevture t‘ﬁr
the member.

A meable system arranged in the manner sbove de-
seribed inaccord with the p invantion is suit-

- phig for uge with varinug different arrangements of the

first member of the objective, but it i especinlly advan-
tageaus for spckh member to have one or maore of the
following charasteristios:

A, The first membss lo preferably vonvergemt and
smay comprise a front meniscus doublst componsnt
with its feont snd rear surfaces conoave to the front ful-
lowsd by two simple convergent components, the front

usface of the doublet componsat having dispursive op

ond member to be individually corrected for chromatic
sherration,

Fos assizting towards stabilizaton of astigmatism and
distortion, the tsdiue of curvature of the front surfece
of the simply meaiacus component of the second mem-
ber preferably lics nemetically between 1.5f; and 3,
and further assistance towards stabilization of astigma-
tism can be obtained by arranging for the radius of cur-
vature of the sear surface of such component to By nu.
merieally hotwaen .86, and .08, B,

The front serface of the compound companent of the
second member is preferably consave to the from with
rcdivs of curvamnre Iying nomerically betwesn 1.5
and 3fy, the raar surface of such component baing won-
vex to the front with radius of curvawre fving numest.
cally between 3f; ang Rfy. thus aesieting sowards stabili-
zation of spherical aberration and coma.

Whilkt sitel compound component may consist of a
doubler component, it will usually be preferable for it
3o be in the fors of » tiplst componeat having » con-
vergent alament batween two divergant sloments, This,
in view of the Hmited availability of suitable matesials
for the warious alements, facilitates corvection of chroe
matic abereation and the desired stabilization of the
other sharrations without sxcessive curvalure of the
individual surfaces.

The avoidance of sxcessive mrface CUrvatures cin 4

alsex by sesisted by emplaying for all the elements af the
sseond member materials whose mean refractive indi
ces ave greater than 168, whilst the mean refractive in-
dices of the materials of the elumonts of the compound
somponent in such member do not ditfer Teom one sn-
other by more than 0.15, The arithmetic meas betwesn
the Akbe V sumbers of the materisis of the divergent
elements in the second members preferably exceeds that
of the convergent element or slements by af least 25,
in order o assist in gorrecting such member for ahro-
matic aberration.

The doublet component constituting the dlvergent
movable thind member praforably bas o collective in.
tersal coflact convey 1o the front with radius of curva-
ture lying numerically botween 0.5f; ond o, the differ-
#ie between the mean refractive indiess of the matesi-
als of the two elements of such componest lying bu-
twaen Q.03 and 0,15, whilst the diffsrence batwman the
Abbe V numbers of such materialy exceeds 28, These
features contriduta towards the desired stabillzation of
the spherical aberration apd comn and niso facilitate

individuat carrection of the third member for ohro-

matic sherention.

As in the case of the second member, §tis prel’embin
1o employ miatariehs for the elements of the thind maem-
bor having mean refractive Indices greater thun 1,65, in
order to avinid excessive surfioe curvatures snd thus

L
wn

]

3

o

4

ix

Ly
W

tical power fying numarically batween 3.53/f, and 3.8/f,,
where §; is the equivalent focal length of the first mem-
ber. Those features permit the resr nodal point of the
first mamber to be far ta the rear and praferably bahind
tho rear surfsce of the member, for cooperstion with
the forwsrdly Joemted front nodal point of the second
member,

8. The igternal contact of the meaiscus donblet com-
prrent of the first member may be dispersive and con-
vex lo the front with ruding of curvatire bevween 1.5/,
and 37}, the differance between the mean refractive ins
dices of the materialz of the twe elements of such dow-
blet component being greater thun 0.15. Thess features
contribute towsrds stabilizstion of spherical aberration
and astigmatism over the desired focussing sange to sult
different nhjeot distanoss.

C. The twa simple components of the Hrst member
miny togather have g combined equivalent focal fenpth
between 0.73f, and 1.25f,, their front surfaces cach
baetag convex to the frant, the radius of curvaturs of the
frant surfroe of the first of such simpls esmponents
being loxs than 4f, and greater than twice the radivs of
curvaturs of the front surfaes of the second of such
simple components, which latter radins of curvaturs
may i teen be groater than 0.75f,. Theee features assist
towards stabilizing the sborrations, especially spharics!
sharration and astigmatiam, not only throughout the
range of focussing adjustments, bt also throughout the
range of variston of equivalent fooal Inngth.

0. The rear surfacs of the rear component of the first
member may be convex 2o the front with vadiue of cur-
vature between 27, and Tfu. This foature contributes
towatds stabilization of primary astigmitism thoowgh-
out the range af focussing adjustments, and alse of pri-
mary snd higher order astigmatism throughout the
range of variation of equivalent focad length,

E. The axial thivknrss of the meniscus doublst com-
ponent of the first member may be leas than 8.25f, and
geamay then the sum of the axial thivknesses of the two
simple componenis thereof, such sum in turn being
greater than Q0787 These -featurss contribwie to-
wards the desirsd rearward location of the rear nodal
point of the firgt member.

F. The srithmzatic mean between the Abde ¥ num-

. bers of the suterial of the three gonvergent elements

&3

of the first mombor may sxceed by ot fesat 20 the Abhe
Vonumber of the materiaf of the divergent front ele-
ment of the meniscus dogblet component of such mam-
ber, thus facilitating individusl correction of the that
member for chromatic shermation,

G, The squivalent foeal length f 8f the frst member
may He betwass 1.3 snd 2.4 timas the minximuss value
of the setio of the equivalsnt fxcal leagth of the abjee-
tive to the Frunmber of the ohiective, This feature as-
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sists towards keeping the overall dimensions of the ob-
jective end also the velative eperiure of {he first mem-
ber ng small as posgble,

H. i desired, ar ache fr doublet Nf may
by provided, which ean be placed at-will behind the
rent reember of the objective to inerease the value of
the eguivalent fucal tength of the objective by 2 chosen
ratio throughout the range of variation,

In 2B} the arrngements according 1o the present in-
ventitn, it is preforuble for the iris dlaphmagm of the oh-
Jecaive to b slatinnary and to be located behind the
movable third member of the objective,

DRSCRIPTION QF EMRODIMENTS

Some sonveniem practics! examples of zoom objec-
tive soeording 1o the invention arg iHustrated dingram-
mititally in the accompanying drawiiigs, in which

FIGE, 1 ~ 4 vespactively itlustrate four ‘examples
{FU1. 4 being on half the scale of FIGE, 1 - 33,

FIGS. § - & show the example of FIG. § (in skeleton
form} modified by sthe sddition raspectively of two al-
ternutive constructions of achromatic doublet compo-

nent detachably mounted behing the rear member of

the objective, and .

FI0. 7 ia an exial section thevugh a fens mownt having
suitable zosm contrl element for use in carrying out
the nvention.

Numericsl data for these six examples are given in
the following tables (numbend cerrespondingly to the
figures of the demwings), in which R, R, , . . designate
the radil of curvature af the individual surfaces of te
objective sounting from the front, the positdve sips in-
dicating that the suslece is convex ti the front snd the
nogative gign that it is concave therete, I, D, ... . dexsiy-
nate the axisl thicknesses of the individual slaments of
the objective, and §,, 8, . . . dudignate the axial sir sepa.
rationis batween the components of the obj
sublas also give the mean refractive {ndices ny for she
d-line of the spectrdm and the Abbe V numbers of the
mstertals from which the various elements of the objec-
tive ure wade, and in additlon the clear diameters of
tha various surfacss of the objective,

3

6

sanventions are requirsd for other purposes inchuding
computation of some of the secondary sbereations, 4o
that s radius indicated for exumpde a3 pasitive in the ta-
bles may have to be trested as negative for soms calon.
fations as & well understood in the art,

The second section of each table gives the val
the three vasisbie axial ir separations betwoen the fous
mamibots of the ohjective for o number of representa.
tive positions, for which the norresponding vatues of
the equivaient focal fength F of the complete ohiective
fromy its minimum value ¥, to it maximum vatue F, ars

alse given, together with the corvesponding valuss sf %

log F. ’

Boge of the tables also have u third section giving the
equation dafining an axinf section through an asphevic
suface provided in the stetionary reur medber of the
ahfeative, the radius of curvature given for such surface
i the first seetion of the table being the tudlus of eur-
vature ot the vertes of the sufacs,

The dimensions in each talle dre given in terms of B,

The insertion of equals =} signe in thy vadius col-
wmns of the tablee, in vompany with plus (+3 and minus
{~) signs which indicaie whether the surface is zonvex
af coneave to the frant, is for conformity with the wsual
Patent Qffive custom, and it s 1o be understood that
there signk are nol to be interpreted wholly in theis

mathematicyd signiffeance, This sign convention sgrees &

b x

with the 4l sign convention reguited Far the
competation of some of the aberrations inclading the
primary sbesrations, fut different mathematioa! sign
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The foregoing Bxample describes a complste thick
lenis design, with vatuey cafeulated in many cases to the
fomrth decimal plane, and scveral additions! Examples
of this type will be given subsequently.

It is, however, obwviously upractical to provida sach
fully caloulated thick fons designs for values broadly
distelbuted thraughout the previously speeified sanges
for all the significant parameters,

Howaver, iy arder i show the effect of sltering the
principul pacumeters within the ranges spacified for
thuss parameters, and demonstrate the practicality of
designing lenses having parameter valves near the ex-
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tremes of the specified rangss, an Hustrative table is
giver below. The parsmicters given are & thin lens p-
rarmeters { par.mmlsm of the thin lens construaction on
which Exnmple {is based) and the effects of thess pav
rasagter varintions pre shown onthe dimensions of the

overall objestive and  the relative apertures (-
numbers} of the first three members,

In the following table:

Fg is the local longth of the secosd member;

Fe is the fecal langth of the third member;

Tpis the totaf axial ement of the i member;

Ty is the totn! axis! movement of the third member,
R s the minimem valus of the ratio of the focal
length of the complets objxctive to its Fmunber;
L is the pversl] Jength from the frant of the objective
so the foen! plane;

D is the maeximom diameter at the front of the objec-
tive:

Fup Is the relative gperture of the first member;

Fuy 18 the refative speriure of the second member;
and

Fua 18 the volative sportire of the thivd member,

The Your critical thin lens parametera set forth in the
fifth paragraph of this spreifivation and in the main
claim are Fa, Fe, Ty, and Te, and their values for Examn
ple [ are shown in line { of the 1able. In tine 2, Fp s put
woual to the lowsr Hmit (4R) of the main claim, and in
line 3 equal to the ypper Hmit (BR). In lines 4 and 5 ¥
is treated simitarly. Ty and Ty are dealt with in similar
manner i lines § and 7 and ’(mes % and 9 (3 h not pzssut
ble to vary the four parss
dently of one dnusher {this iz refawed ta agxm iater]‘
and in fact when one parsmeter i set t0 an end lmit,
2% least Swe of the Others ave baen adjusted, in the ta-
ble, so that m: range af uananen of focst length -
maths BPPYOR

16

25

8

Line 3 shows the sffect of putting Fy to its upper
fimit, Convemely, from the changes in L, B, Fu, Fan
ang Fay, it con be seen that such = medified thin lans
constrgation would be suitshie for development of 3
finsd ohjastive of selatively a:mph. congtruetion con-
structed to coves ralatively farge image Fymat dimun-
stons {at which smale high complexity would net be per-
missibie ) at a smalley relative apertare than Example T

Lines 4 and ¥ chow idantical affests nohizvadls by
putting Fe a8 its lowar and upper limits,

Line & shews the effect of punting the total axial
movement of the second member at its upper Umit, In
fast, in ordec 1o do this, it is nevessary to put af lwast
sither Fy or Fp at or near i end Rt This is dictated
by the fundamentul faws uf optics, also bearing fn mind
the requirement 1o keep the focal rangs soughly the
sntns. However, the eifect is now not quite the same as
in Hnes 2 to §, becsuse ang axisl movement now slso
Siow at e and Twit. Thus, the chenge is L and D from
Example 1 is reduced, while the refstive aporture of one
member (the third member) {§ incressed but the other
e are tnduced. Linss 7 to 9 show similar effsots; in
extent from Example [, 83 alon sve Fyy, Fay and Fy Re-
verting to line 5 in particular, this modification is suited
to & moderately small but not satremely small dimen-
sional seale of fins! objective having 2 medium refstive
aperture, whersin the smailler relative apeniure of the
thivd momber sither permits its complexfty to he ra-

36 duced or, more usefuily, its existing complesity utilizod

io achieve an exiremely high standard of sbarration
worrsetion. Correrponding but slightly different effects
iy be seen from the modifications of Haes 7 to 8,

in gonerad therafore, it can readily he seen from the

35 tabls how the purameters of the main olaim gsn be

taken to iheir end lmits to provide differing effects
suited to differing inftis! requirements. The lens de-

Te T 2 Fa ¥Fa Fa

792 05 38T 2N LA LB N2

2% G AW KNI LM A2 LW

2 580 o7 A® AW LA L L

248 688 R L& L LB LW

385 LY LU %M LI 06 AW

LAY GEe X1 KRR LW 4W LR

&k CR0G RSy Hae LEF L3 LG8 LW
‘I’cﬂ%f& m W8 G A AW 148 e wm
Talrd ia¥Fal .. L BT SN 260 Le¥ RO s

Example { i & 200m lens Intended for construction to
a medium dimengional scale to cover wverage farmat
dimensions,

in fine 2, the effect of pumng Fp to its lower Himit iz
o reduce L oand . ¥y, Fuy and Py, are slso reduced,
meaning thot cach individual member hns'a witder rela-
tive apertire. Because of their wider relative aparturas,
these members wonld have to be more complex (ensv
tain more usshis thick lons parsmeters) thar thoy are
in Example 1, in order to achicve the same high sten.
dard of abetration correclion. Huwever, this greater
complexity would be asceptable for & zoom ohjsative
built 10 » smail dimensional scale covering small image

format dimensions, Such & small scals consteyction.

woullf rradily be possible In view of the reductions in

' signer given the main clim and having 2 particular and

requiremynt can work accordingly.

500 The table aldo demonstrates the sense of the end Him.

its. For example, to take Fy below the vakie of { B4R}

i line 2 would be further to decrease L and 1 and fur-

thar widen the relstive spertures of tha second, third
and fourth members. Ohviously & queshon of opinion

% jn invoived st thia point, but the opinion of the inventae

is thiat the complexity of construction for the sscond to
fourth members, in arder to achieve good abermation
gorsction at the further widened relative aperture,
would vender 8 practical constmuction & none

&0 commeruinl proposition. Likewise 1o take Fy beyond

Loand . Therefore, 3 zoom lens within the scope of the

main clatm, with Fg st or near its Inwer limi, would be
preferred for a lens of wider relative aperture but con-
strueted 1o s smaller dimensional seale than Example
i

the value of 2.0(88} in tine 3 would only permit con-
struction of  practical corvected oljeotive 1o such 2
targe dimensional scale that it would find no useful ap-
p!imtion The same factors sfso arise in the modifics-

8 tjons of ines & to 8, when coupled with the requiremest

to maintain a inrgs range wf vaviation of focal length,
which is an sssential object of the taveption.
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In al! these sxamples, the maximum value Fy of the

eguivalont foned Jangth F of the objective i3 ton times
the minimum valug B, thereof Example I is cor

oot .
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cally sgual to O455/F, or 0.692F, in Exampls |, 1o
C.109/F; ; G893, in Examples H and HY, and w
GOAYE, or LEF I, in Example IV, The internal con-
et Rg of the doublet componsnt ix dispursive and con-
vax to the front and has radius of curvature equal to
2857 £, in il four sxumples. The diff batwaen
the mean refraetive ulives of the materials of the fwo
elements of such donblet componesnt & 0.27 in ull four
mxampdes,

The combined equivalent focal length of the two sim-
plc components of the flost member L; is 4.0013 F in
Bxample I, 5.7162 F, In Examples Il and I, aud

for 8 relutive nperturs 74,0, whilst Examples I and HE
gre each eorrented for a relative aperture 2.8, and Ex-
ample 1V in sorreeted for 3 relative sperture of f1.6.

. Examples 3 and §} differ from one another solely in the
stationary resr mermber Ly, the front three members
Lao Lg iy L bedng denticnd iy the two axamples. Suck
membnrs Ly, Ly and Ly are in fact similar to the front
three members Ly, Ly and Lg of Bxample 1, the dimen-
siony being scaled up fYom thoss of Example [ in the
tatic of the faumbers, that is ia the satio of 4.0/2.8.
The tear mombers Ly in Bxamples 1 and 18 ave, how-
ever, not soaled-ip versions of the rear member Lp of
Example 1. The front three members La, Ly, Lo of
Exsmple 1V, which includes yet another alfernative
construciion of rear member La, srs of the saome
general typs as those of Rxamples 1-115, but their
mumarics] dimensions differ somewhnt from a2 ver
sion of those of Example ¥ scaled up in the ratio
4.0/1.6,

Alf these exnmples cover a sami-angulay fleld of view
warying from 27 degrees 6t F, to 2.7 degroes at F.

The iris dinphrages in 2l four examples is stationary
angd i jocnted between the movable third mambay Le
and the stationary rear member Ly o Example I the
dinphragm 1 0.0625 F, In front of the surface R, and
has dismeter D.8568 F,; in Bxampls 11 the diaphragm
is QLO92Y F, in front of the susface R, snd has dismeter
1.2240 F,; in Example 11 the disphrogm 8 31338 By
in front of the surface Ry and hus diameter 1,2240 F
s in Bxample IV the diephmam is 0.3407 F, in fropt
of the qurface Ry angd hes diametar 2,1446 F.

The back focal distance from the rear sirface of the
objeetive te the imags plans is 2.8301 F; in Bxample 1,
26761 F, in Example H, 2.3027 F, in Ex‘&mple 1 and
1.7878 ¥, in Example IV.

The squivalant fosal Jength f; of the sisttonary first
member Ly b5+ 4.4551 F, in Example I, +. 63544 F,
o Examples B aond Mlang + 1114153 F, in Example IV,
the squivalent focnd leagth S of the movable second
member Ly is — 1 AT03 F, in Example §, ~ 21004 F,
in Bxamplos U and i and ~ 3.6770 F, in Example IV;
the equivalent foeal leagth f of the movable third
member L. {8~ 1.B{76 F, wn Example I, ~ 2.5968 F,
in Bxamplss U snd (1 and —~ 4.3458 F, in Example [V,
spd the equivalent focal length fu of the atationzary.
fourth mumber L, is + 14753 F, in Bxample { +

21286 F in Examp!c 1,4 2.3232 F, in Example Higad

+ 4.8410 F, in Example IV; the positive and nugative

signs vespectively indicating cnnvergence and dwer-'

genve.
in it four zxampies the conyergens ita:icnary frunt
wiember L, consistd of o meniscus doublet component

followed by two convergent simple componsats. The |

front surface R, of the doubls: component is concave
0 the feoant and has di i tical poser i

i

25

3‘0

4

W

b3
L=1

64

100064 ¥, in Bxample IV or 08981 f, in all four axam-
phos. Th radius of cerveture R, of the front surfcy of
the firat of such simple components 18 1.551 f; in all
four sxamples, and the suding of cupvaturs Ry of th
front surface of the second of such simple compunents
is CLEEY £, in all four sxamples. The vear surface R, of
such second simple somponent {8 convex to the front
with vadiys of curvaturs L.RS2 f, in all four exasmples,

The axial thickneas (5, + Oy) of the menisous don-
bist component of the first member L, is 8.766 Fy in
Examgple §, 1.094 F, in Bxamples 1 andd 1. and 1.916
¥, in Bxample IV, or 8.172 § in 6l four exampies. The
surn of the exial thicknesses of the two simple compa-
nents {0y + 0.} of the first mamber is 0.535% F, in Ex-
wuple §, 8,790 F,in BExamples I and U}, and 1383 F,
in Bxampls IV, or 0.124 §y in alf four examples.

The arithmetic mean betwenn the Abbe ¥ numbers
of the materisls of the thres convergant slements of the
fiest mpaninsr Lgdn off four examplos is $6.72 and thuy
sxceeds the Abbe V numbes of the reatedal of the di-
vergent front element by 24.62.

The maximem valug of the ratio of the sguivalent
focal length of the objective fo the faumber of the ob-
jective is 2.5 F, in Example |, 3.57 By in Examples i
and I, und 8.25 F, in Example TV, s that in ol four
sxamples £y s 1,782 times such manimuess valug,

in ul four exemples, the minlmum separation be-
tween the moveble seeond and thivd members Ly and
Ly oecurs when the eguivalent focal length of the obe
jective ds 743 F,, and the numerical values of the
aquivalent focal lengths fy and fo of such membars are
respectively 5.28 snd 7.27 times the minimum value of
the ratio of the myuivalent focal fength of the shjective
o the fniunber of the ohjective.

This movable sseand membaer Ly in ot four exsmplca
consists of a divergent simple meniscus component
with its surfaces convex o the front followed by a di-
vergent triplet component haviag s econvergent elament
betwesn two divergeni elements, snd its towal sxind
movement (g wpidirectional roareard movemem) in
the range of variation iz eumerically egual to 1994 £
The front and renr susfaces Ry snd Ro of the simpie me.
niseus siapponent of such member respoothenly Ruve
radii of curveters numearically squal to 182 foand .83
Jr in alf four examples, whilst the front and ear sur-
facen By and Ky of the triple o
hiave rudil of survature numarmaﬂy equal to 1.8G f in
Examples I - HE and 1.87 fi in Example bv and te 3.93

S5 in Examples I~HI and 3.99 fi in Bxample 1V,
The movahle third member L in all four examplss

1.
vl

‘cunsists.of a doublet component, whose front surface

R 8 concave o the front with radius of curvatuse nu-
merieally equal to 0.72 fr, and the total asisl movement |
{the numerical sum of an initial forwand movement
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plus & subsequent rearward movement) of such mem.-
bur fs numerically anual 10 0363 f.. The intermal con-
tact By of such doublet i
convex o the feont, with radius of curvature numerk-
caily equal to 0.72 £ The difference heiween the mann
refractive indices of the materials of such doublet com-
pangnt is 0.087 in Bxamples § - 31 and 0.088 in Exam-
ple ¥¥, the difference batween their Abbz V numbers
being 30.09 in Bxamples { - Hi and 306.24 in Exnmpls
v,
in ali four exnmples, the various aberrations are wéll
" stabifized In the fromt thres members Ly, by Lo
throughout the rusge of varlation of equivalent focal
length of the objective and alse throughout the fooys-
#ing range, snd the stationary rear menmber Ly serves (o
balance out such residusl stabilived aberrations, and
#1506 1o locate she renuitant image plane in 2 convenism
position. The construction of such renr mumber may
thus vary widely,

In Exampdes 1 ang H, such resr member may be de-
scribed as of modificd Couvke triplet construction,
wherein the strong convergent power needed at the
fromt to dund with the velatively widely divergent beam
reeived from the thivd member is schivved by the use
of three simple convergent camponents, which are fol-
towed by e simple divergent component and sithes a
nenvergent doublet component a8 in Example [ or a
convergent doublet comporent followed by a1 conver-
goent simpl a5 in Bxample W, {n these two

i

L

sxnmples an aspheric surfscr fs used in order to assist ¥

1 otindailirn

in halencing out the resid aberrations of
the front thres bers without undoe § in the
avirall length of the objective, such asphesic surface
being the Tront surface By of the simple divergent com-

ponent, where it ean be wmployed for the steultaneons 2

coresetion of apherizal aberration and cnma with misi
mum sifect on oblique aherrations.

"In Rxataple 15, 8 somewhat different type of station-
|YY TERT mstirbes i usud, which may be duseribed as of
modified Potzval construiction. In this cese, sy simple
components ars used, tha first three sgaln being con.
vergent in asder to give the nrcessary SOIng Sonver-
gent pawer &t the front, whilst the next two are divers
gent and the sinth is convergant. Although no esphesic
serefaoe §x used in the actun! sxample given, some fur-
ther improvement in gberration correction could be
achivved by incorpossting such s surface.

Yet unnther alternative construction for the station-
ary renr member L i8 employed in Exsmple IV, gon-
slsting of seven simple componsnty, the first theee asd
the last two being convergent, and the fourth and fifth
divergent. An ssphech surface is agpin used, in this
case the front surface Ry of the resrmont sompunnt,

1t I oftent desired in practice 2o provide two different 4

ranges of vaslation of the squivilent focal fength of the
objective, and with the objective aceording to the pres.
oat invention thix can by cared vut in 8 simple wiy by
the pravivion of an sohromatic doublet component,
which can be placed w3 will behind the statiosery resr

it i collective and
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are given below of twe alternative exnmples of aohiro-
matic deublet componsnt suited to follow the resy
menibiot Ly of Bxampls | above, FIGS. 3 and & respac.
tm:ky show these two examples of doublet component
Ly in position hehind the matn objective, which for sim-
plicity is ghown saly in skeloton form, the front snd
rear surfaces only Deing shown fiw sxch of the four
members Ly, Lo Ly 20d Ly of the objective.

EJLANS’L-LL Ly
Thilekuiaz or | Hotesadive | Ahto ¥ | Slcar
Rl ¥ BEpOrRtim et o | numinr § dtdrortor
& BireaQO@S Retid
s AT+
- ripseG783 vamss | aea
Frpee 2008 3 Be 23813
Thiy= 4805 3, N 4383 ;
Bipyec 8 B ‘ Ry 97882
EXAMPLE Vi
Thickneser | fissntive | Athe v | Chewr
Hadlyg /W sepazaticn Indexr vg | Wb | ginder
ERLS i
Hapwne B 0630
FEEL S 1. 7S N EE
Foow 1 R 0678
Fraee 500 B ARUER S
RS SR 1 Ray 000

The dimensions in these two examples of achranntic
douhlet component sre given in taems of the minkman
value F, of the squivalent focal lenpths for the ohjective
of Example [ In each table 8y, represents the nir sepa-
radfon betwesn the rear surfroe Ry of the stationary
sear membar Lo of Example | and the front surfree Hy,
of the nidded doublet component. The doublet vonipo-
nent in each case conshits of a convergent slement in
front of a divergent element. i

The added daublet component Ly of Exsmple ¥ in-
cresses the values of the equivalent focal length in the
ratio 3:2, o that the normal range from Fyto 16 F, iy
altrred by the doublet component into 2 range from 1.3
F, to W‘o The dosblet component of Example VI acts
i double the valuer of the eguivalent focal length of
Beample |, thus givieg s saage from 2 ¥, 1020 F, when
the doublet componsni is in positian.

The back focal distance feom the rear surfacs Ry, of
the added doublet componsnt Lg te the new position
of the resultant image plane is 3,704 F, in Example ¥
ant 4.028 F, in Example VL The relative apesiurs of
the objective 18 changed from &0 by the addition of
the dousbiet P mfp&&in“ fe ¥ and #6.0
in Example V1. The semi-angulsr figid, "which for Bx.
ampie ¥ alone varies from 27 degrees 8t B, to 2.7 de.
grees at Py, vusisy (when the doubist componant of Ex-
ample ¥V ie added) feam 18 dogrens at 1.5 F, 10 1.8 ge-
grees at 15 F,, and {when m doublet compunsnt of
Exgmple VEis added) from 13.5 degresmy @ 2 F o 1,35
degress at 20 £,

I will be realized that the addition of only an gchro-

member Ly of the ohjective, sunh doubd

when in position, acting to move the remultant § image
plane furthes from the sear surface of the member Ly
and to Increuse the valoes of the equivalnat fncrl length
of the objective in the same proportion throvghont the
range. Another effect of the addition of thiz deublet
component i8 10 reduce the refative aperture of the ob-
jective and thy angular feld covered, Numerical data

matic doublet component to an alveady well-cotrecrad
objective most pevesraxily resuit in 2 Jower standasd of
sberration sorrection when the doublet component fa
in place. But the increasad squivalent focsl length and
reduced relative sperture and angudar field do not cull
Tor w0 Bigh a standard of sorrection ag'is needed whan
the objective is used slone, snd for many pravtivsd pus-
posss the standard afcmectm sbiained with the don-
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blet component added s adeguats.

The nacessary sxial movement of the second and
third members may be brought about in varous ways,
far example by of o appropriately shaped
cams, which mey be in the form of cnm grooves B and
E un the inner surface of o whular member C rotated
by the zoom control slerenmt G and suprounding the
reoond and third membars M and H, which ate held
against rotation relatively to the fised casing F of the
objective. The focussing mavement of the front mem-
bt P may be effected vader the control of a focusviag
control ob 0 by m ing the front member in
sorew threxded sngagement with the fixed casing F of
the ehjective.

it will be apprecisted that the foregolng examples
have heen given by way of exsmple onfy snd that the
invention zan be carried inte peactice in other ways.

We claim

I, An optica! objsctive of the xoom typs {that is of
the iype having reliifeely movable members wharsby
the eiuivatent focal length of the ubjective can be con-
tisunualy varisd throughout a range, whilst maimtainisg
constant position of the image plane}), corrected fur

spherical and chromatic aberrations, coms, astigma. .

tisem, feld curvature and distortion, said objective hav-
ing & maximum equivalent foond langth at feast & tiney
ita minimum focal length, and comprising & convergent
fieat member which for a given object distance

A

A4

b1

16

which the compound component of the second mem-
ber conaists of 8 triplet component having a convargant
slemient between two divergent elements, !

5. An optical objective as cleimed in shim 4, in
which the doublet compunont constituting the third
member has a collective internal contact convex o the
fromt,

8. An opticil objective s climed in claim 2, in
which the front surface of the compound componsnt of
the second member is concave to the froat and the reac
surface of such component i convex 1o the front,

3. An optcal abjective as claimed in olaim 2, in
which the doublet component constituting thy third
member has & collective intemal contact convex to ths
from, and the materials of the two elements of such
cospanent having differing Abbe V aumbers and dif-
fering mean refractive indicws.

8. An opticel objective as claimed in claim §, in
which the front surface of the compound componen of
the sscond member is concave to the front asd the rear
surface of such comporent is convex 1o the front.

9. An optical ohjective #s clubmed in claim B in
which the compound componsnt of the second mem-
bar canyisis of 2 wriplet component Baving a convergent
climant between two divergent elenrents, the materinls
of all the elements of the second membar having mean
rafysctive rndices geoater than 1.69 and being such that
the arithmetic mesns batween the Abbe ¥V aumbers of

stationary duving the zooming refative movements, an
axlally movable divergent second membsr beking the
first member having equivalent focst kagth fj lying no.
merically between 4 gnd € times the winimom valus of
the ratio of the equivalent focal lnngth of the complste
shjective 1o the foumber of the objective in the range
of variation, an axially movable divetgant third mem-
ber behind the second member having equivalens focal
length Jo iying numerically batween § and 10 tUmes the
mindtmum value of such cati, 2 stationary convesgent
fourth member hehind the third member, 3 oo con-
trol slement, sad means wherehy oparalion of the
woom control element onuser the scoming relative
mavements 1o be effected, whersin the total axial
mavement of the second momber is the range of varla-
tion lies numerically batween 1.5fy and 2.5f; sud the
totut uyial movement of the third mesmber iy the range
lies numericslly betwean B35 and 0.5f;, the miai-
msn axial sepatation butween the sscond and thicd
member fecurting whan the equivalent focal length of

the objestive is greater than half its maximum value in

the range of vasistion, the movabla divergent sacond
member eousistig of o divergenst simple menfecus
component with its susfages convex to the front and 3
divergent compound component behind such simple
component, aind the movable divargent third member
consiating of a deublet component having its front sur-
faze coneave to the feant.

2. An opticel objective as claimed in claim I, in
whicl the compound component in the divergent mov-
ahic second member includes ¢ feaat ane copvergent
element and ut least one divergant element made of
materials of differing Abbs V numibere.

3 An optical objective as climed in clim % in
which the front surface of the compound component of
the serond member is soncave i the front and the rear
surface of such somponent iz convex to the front,

4. An optival abjective as claimed in elaim 3, in

14
o

i)

the ials of the divergent elercents excends that of
the convergent efnment,

18, An optical objsctive s claimed in claim 9, o
cluding an achromstic doublet which can be placed at
wilf behind the stationary rear membar of the objective
aind asts when in its operative position to ingrensse the
values of the equivalent foual length of the objentive by
& chosen ratio throughout the range of variation.

11, An optical objective g claimed s olaim 1, in
which the compound component of the secund mem-
ber consists of 2 triplet component having o convergent
slement between two divergent slements,

12, An optical ohjnetive as clatmed in olalm 13, in
which e doublet compenent ronstituting the third
mamber has 2 collactive internal ¢ t eondey i the
front with radivs of curveture substanmtially equal to
0.72f,, the matetials of the two elemants of such com-
ponent having Abbe V numbers whish differ by about
30 and wmaan refractive indicss which are sach greater
than .69 and ditfer by ubout 8.09.

13, An optical objective as-claimed in claim 1, in
which the doublst component constituting the diver.
gent movable third member haw & collsctive internal
conwet convex 1o the front with radius of curvature
substantislly equal to 0.73f., the difforocnce between
the mezan refractive indizes of te matedials of the two
elements of such component heing shout 0,09, whils
the difference betwesn the Abbe V numbery of such
materizls i about 30,

13, An optics! ebjective as olabmied in olsim 13, in-
cluding as achromatic doublet which can be placed st
will behind the stationary rear member of tha objective
and acts when in 13 operative position to incregse the
vajues of the equivalent focal fength of the objective by
3 chosen vatio throughout the range of varistion.

15. An optical objective of the zoom type {that i of
tha type having relatively movable mewmbers whareby
the equivalans focal length of the ohjestive yan be gon.
tinuously varied throughout 2 range, whilst maintaining
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sonxtant position of ths image plane}, corrected for
spharical and ehromatic aberrations, coma, asigma-
s, findd curvatery and distortion, and comprising o
convergent first member which for 8 given object dis-
tance remaing stationrry during the zooming ralative
movements, #n axiglly movable divergentsecond mem-
ber behind the fiest membar having equivelent focal
tength f, ving numericaily betwean 4 and 8 times the
minimum value of the mtio of the equivalont foeal
length of the complete ohjective to the faumber of the
sbjective in the range of variation, nn sxially movable
diverpent third maember behind the s f member
having equivalent focal fengih £ Iving numerically be-
tween § und 10 times the minimum value of sich mtio,
3 stationary comvergest fourth member hehind
third member, & zoom control slement, and means
wherehy operation of the zoom conived couses the
zooming relative movements to be effected, whersin
the 1otal asis! movemant of the second member i the
range of varietion Hex numerically betwsen 15§ and
2.5f antd the total axinl mevement of the third member
in the wange Hes numerically between 0,25/, and 0.3,
the minimum axisf separation hetween the sscond and
third members ocrusring whee the equivalent focst
tength of thes objective ix graater thasn half s maximum
value in the mngs of saviation, the movaiis divergent

- wezond member consisting of & divergent simple menis-
cuk component with its surfaces convex to the front and
& divergem compound component behind sueh simple
componient, the movabls divergent third member con-
sinting of 3 doublet component having fts front surface
concavi to thie front, and the first member of the aljec-
tive comprises 8 moriseus doublet eomponent having
# frant surface which is coneave 1o the front and two
stple convergent somp 18 behind such istus
doublet component.

16 An optical shjcetive as claimed in slabie 18, {n
which the fnwemal sontaet of the meniscus doublet
companent of the frat member is dispersive xod con-
vex to the front,

13

17, An opticsl objective as cisimed in claim 16, in
which the compound companent in the divergent mov-
sble second mamber includes st least one convergent
elemant and ot least one divergent element, and the

3 doublet comg t ponstituting the third ber Yas
& collective imtemal vontest convex s the Tront,

18, An aptical objective as claimad in slaim 1%, i
which the twe simpls components of the first member
tagsther have their front srfices copves to the frong,

10 the radivs 5f curvature of the front surlace of the first
of such simple components hedng grester than twics the
radivs of curvatuse of the frant surfece of the second
of such simple components, the rear surfice of the see-
aust of the two simple components being convey to the
front.

£2 An cptical objctive as claimed in claim 15, in
which the axial thickness of the meniscus douldet com-
ponent of the first member is s greater than the sum of
thts axial thicknesses of the two simple components of
the Arat miatnbar,

6. Av opticsl objective ay claimed in claim 1%, in-
cluding an achromatic doublet which can be placed at
will behind the statlonnry rear member of the objective
a5 and acts whon in its opurative pesition 1o increate the

values of the equivalent fooal length of the objective by
& thosst ratio thiodghout the range of varisticn.

21, An optical ohjactive as claimad in claim 18, in-
cluding an achromatic doutlet which can be plaved st
will behind the stationsry rear ber of the objsative
and acts whea in its operative position to increase the
values of the equivalent foca! length of the objective by
& chosen ratlo throughout the range of vatintion,

33, An optical pbjective &8 clafmied in elaim 23, in
35 which the internal contact of the meniscus doublst

component of the firet membes s dispessive and con-
vex to the front with radius of survature sybstantially
equal fo 204f;, the diffesence between the meon re-
fractive indices of the matedals of the two elements of
40 the doublet baing substantially 8,27,
¢+ * X @ R
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Joind

DECLARATION, PETITION AND POWER OF ATTORNEY

Lh S L
, SORDON _HENRY COOK and PERER ARNOLD MARIGOLD

declare that we are a@&iggﬁ&xﬁgx Subiects
gﬁﬂ_ng ggggn 8f Sneland xﬁﬁ@@ﬁ&&&&&wg ané resiéenta

of h1chv, County of Lelcester F,P‘ardﬂ and Prebtatyn, €uuwtv

cfffiintshireaég%%gii United Xingdom,
regpectivaly; th e“have read the foregoing speciflcation

© and claims, that we verily velieve curselves to be the

original, first and joint 1nventors of the impravement

.- 'J""\
ip ~GHFICAL OBJECTIVES OF VARTABLE EQUIVALENT POCAL LENOTH

" described and claimed in the foregoing speaification; thast

this spplication in part discloses and cletms subject matter

. Gisclosed in our eariier filed pending appiication Serial

. Fo. _309.208 ., filed Septemher 16, 1853 . that as %o

J,to éubject matter of thia application whieh is common to
"said earlier application we do not kow and do not velteve
'1that the same was ever ¥nown or used bﬁfora our inventlon

ltherecf or patented or descridbed in any printed publication

in any QOuntry before our invention thereof or more than

one year prior to.sald earaier application, or in public

;}use or on sale in the United States more than ane year

'prior te saiﬁ earliey application, that sald common sublect

?matter has not been patented before the date of sald

1~aarlier applicatian in any ccuﬂtry forelgn to the Unitsd.

) States on an applicatian filed by us or our legal represshnta~

tivea or asslgns mara than twe&ve maonths prior to said

applicatien, anﬁ that the ear&iast applicatian for Qatant

'an saiﬂ invention filed hy us or our 1agal rSpreaentatives

-~

PRI




ﬁr assigns In any aountry foreign Yo the Uniied States was:
Grest Britain - No. 35088 f_*:leé Sept (14,1962

“that ae to the subject matber of this application whieh

: 1s.n0§ common to sald eardier application, we do nob

~ know and do not belleve thab the same was ever known or .

s'haeﬂ before cur inventlon thersof or patented or degeribed

irin‘any printed publication in any country before our
invehtionlﬁhereaf opr more than one yésr prior to the date

_of this applicaﬁicn, or in public use or on sale in

, the Unitéd States more than ope year prior to the date

'6§‘thia appliéatian; and that ssid aubject matter

has not been patented ;h'ény country foreign to the _

._Uhiﬁad States on an application filed by us or ocur legal

rgp;esentativea ar aaslgns more than twelve monéhg prioy

_ :tolghe date of this app;ication; and that ne application

I far:patantlen 8ald invention has'been filed by us or our
- legal repreSantatives or asglgns in any country rarelgn

' Qto the United States. _

| And we declare further that 211 statements

‘made herein of our own knowledge are true and that -

- 8l statémenta ﬁaﬁerén ihfcrmation and beliefl a;a<i
’balieved to be tgue;,ahd further that these statémgnts
lwere made with the khowlaége'that willfui raise

”fsﬁatementa and the 1ike 8o made are punishqble by

.ffine or imprisanment, or. both, under Section 1001

ot T;Ltle 18 ‘of the United States Code and that such

willful false statemente may decpard¢ze tha validity

prthe gpp}ieatian»er anyipatant 1sau1ng thereon.

%ﬂ;




.
x?,,azﬁiﬂf”

“And we hereby appoint HOLOOMBE WETHEnILL & BRLSnBDIS,

a firm having offices at Suite 39?, Crygual Plaza Euilding
_No 1, 2001 Jefferson Davis Highway, Ariingten, Virginia
BR208, Hagistratinn No. 17,348, our attorneys with full
~§ower of substitution and reveeation, to prosecﬁtg this
applicatieniand o ﬁransact;ala_business in thé Patent
Offica cannected therewith.

' Nherafore we pray that letters Patent be granted
to us for the invention or discovery described and claimed
in the foregolng specification and claims, and we ﬁereby
subscribe our ﬁaméa_td the foregolng apecificétién and

élaima;wdeqlaraticn,_power of attorney, and this patition,

L) enis _4th o day of _ Jume s 1971
2} this _2nd ' day of ___ Juns ] 1971,

Post Office Address:

. . . . (\ oA f I 4
68 Stoughton Read, Oadby & - » jm‘v'{»pw H‘f‘WM L&@é

: Torden Henr Took
Leices.’cersbire; England ' - w

efui, Meliden Qnad o o éf M“{

. Prestatyn, Flints. . Wales, . K, ~Peter’  Arnold Merigold

»
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. 1sese

Case Docket Nov s LSR5

»

AL, WETHERILL & BRISEDOIS :
$O¥, CRYSTAL PLAZA BUMDING G &

BPFERSO0N DAVIS HIGHWAY L goke g 19T
SWON, VIRGINIA 22202 - A L R O

- {703} 521-1330

PR

THE COMMISSIONER OF PATENTS
Washingoon, D.C. 20231

Sin

Tmn‘stqirsee‘ herewith for fging i‘s-:he pacent applicacion of B

Iaventor: - QORDON EENHY Q00K &: PETER ARNGLD MERIGOLD

Fog - OF’I‘ICﬁL CBIECTIVES UF VARIABLE EQUW&MT FGGAL LEEGTH '
This application is & continuation in pav't of SN 3%,808

Encloged are: P

» @ 3 shoers of drawing, 2 Sheets informal & 1 sheet formal

X An nssigament of the invention to_THE RANK ORGANISATION LIMITED

D A certified copy of » sppiication,

D Agsociate powar of btrorney.

o CLAIMS 4% FILED
{1t {21 1 W] ms:g?sh
FO/R HUMBER FILED VNUZGBER E%TRA, HBATE SEHRG
TOTHL
CLAIMS 27 -0 l?‘ X500 3&'0{}
INDEPENDENT i -t s .
CLAING 2 ® 1 K B0 0,00
T rotaL piLme | AULOTTR ignmant
FEE i | 320 0.
as——s—\
o Please charge my Deposit Account No. ’ e 101 the amonat of
e ¢ Huplicate mpy of this sheet is enciosed.

15 | The Commissioner is hereby authorized to charge any additional fees which may
be required, or cradit any overpayment to Account Ne. QB =720
A duplicate copy of this sheet is enclosed,

@ A check in the amout of $.282.00 o cover the filing fes is enclosed.”

g

‘ éfﬁ,{é A Lot S Jd{: e Wl / 4‘;,{‘,9“4

me i . y Mwuvtnocqré

FORM Pc-iqg! {1354 URZOMM-O0 802384578
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g B -
5 an \%—. 1.5, DEPARTMENT OF COMIMERCE
1 X8 U | Patent Office
N = &
REE Adueess Ondy: COMMISSIONES OF PATENTS
Wiashingdan, DG, 2023
. » PLEASE GEFER TO \:koup HWT UNTY
THE F WG
ROLOOMEE, WETHERILL & BRISEBOIS s
suLTE 307 GORDON HERRY COD0OR,et.all

cRYSTAL PLAZA BLDG.
2001 JBFFERSOS DAVIS HWY.
ARLINGTON, VIRGINIA, 152,254 §u1leTl

S¢P T 0AL OBJECTIVES OF
VARIABLE EQUIVALENT

NOTICE OF INSUEFICIENT FEE AND / OR INFORMAL DRAWINGS ¥ OURL: LENGTE

SERIAL HUMBER RILING RDATE

Correction of the infomality checked below i¢ reguived.
APPLICANT 1S CIVER TWO (23 MONTHS WITHIN WHICH TO SUBMIT THE FORMAL DRAWIMGS AND £ OR FEE

i aveid shandonment of the application.

a.[:{ The filipg fes of §

A balsnce of &

submitted in this application is msufficent,

is due for additional claims,

2, The phatopnints submitted in lieu of formal drawings have been accepied for filing only (Rule 83),

Farmal drawings complying with Rula 84 together with the comparison fee of $10 (or authori zation
to use a depasit account) are required.

The Drafling Division of the Patent Office does not have the faciiities for preparing new drawings
at the preseat time,

To ensure prompt processing and forwarding of Mw
the formal drawings to the examiner, gacly sheet
should inciude the Seria) Numbsr and Group Ast ROV 241871

Unit in the upper right margie.

£

, BRUUP 250
I H

Haad, Application Beanch

lvw

FOR USE IN TRANSMITTING FORMAL DRAWINGS AND / ORFEE

Chack the appropriate box below.

[] Chetk for ¢

D Charge § N to my Deposit Account No, . Two copies of
this laiter are enciosed,

ercinsed.

The above is to cover the

Ij compari son fee,

[j Batance of filing fee due,

Please transmit the formal drawiags angd /7 of fee together with a cogy of his form, BE SURE TO ADIRESS
THE GROUP ART UNIT SHIYWN ABDVE

s/

RO OIRES UEC UM IUEATRS BT
REY 328
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In re sappllcation of - December 2, 1971

(7

IN THE UNITED BTATES PATENT OFFICE

GORDON HENRY CQOK et al

Serial No. 152,254

-

Fiisd June 11, 1871

For: OPTICAL QOBJIBEOTIVES COF
VARIABLE BEQUIVALENT
FOCAL LENGTH

Hon. Commissioner of Patents
Washington, D.2. 20234
Sir:

Reaponsive to the enclosed letter, please transfer
from the file of the pavent applicatlon, SN 308,208, filed
September 15, 1987, (now abandoned}, the two shfets of drawings
in that case. These correspond to the iwo Informal prints in-~
Irially £lled with the above-entitled appllcation.

Regspegtfully subnmitted,

HOLCOMEE, WETHERILL & BRISEROIS

. a T g ¥
R p
521~1550 By ,gfégziggﬁj e Pran

J?gepH"F-Brisebois Heg.l5,%85

g




égg’f |"
& ‘3‘?’\\ \ | U.5. DEBARTMENT OF COMMERGE
W //' Patent Office

il
“tﬁ'_ﬁﬁ‘ey Addrass Drly: COMMISSIONER OF PATENTS
Washingters, LG 2033

J. X. Corkin Group 259
- Papar Ho. i
&/11771 i 182~i84
O, GOROUY HLRRY s ET. Als
Maitod

HOLCOMBE s wWETHERILL &
BRISEBGI S

200] JEFFERSON LAVIS rwYas
SUITE 307

, LA esn PR Thiz 15 3 COMMUTISation from the Examinaes in
ARLINGTONY VAe 2207 N - )

chargs of your application,
Commissionar of Patants

[ﬁi/’r’his application has best zxamined.

£ Hespotisive @ communication fHed 270 This sction i mads final,

A SHORTEREDR STATUTQRY PERIOD FOR RESPORSE TO THIS ACTION I8 SET TO EXPIRE

; A €. MONTHS) ... zmeme= BAYS FROM THE DATE OF THIS LETTER.

PART 1
The following attachmentals) are part of thig action:

a. ﬁgoﬁce of Referanees Cited, Form PO8%2, b {0 Notice of Informal Patent Drawing, PO-94S,

<. [ Natics of Informal Facent Applicatiog, 4. 073
Form POAS2,
PART 1B
Summary of Action
b, £¥F Claims b 2 & agy presented for examination.
2, {73 Clsims are aflowed.
30 Claims wauld be allowsble if smendsd as indicated.
4. m?xasm Jor 2.7 are rejestod.
% T3 Claims ) e are objested to.
& 3 Claims are subject to restriction or election sequirament,
7. L3 Claims : dre withdrawn foom consideratiog,

8, I3 Bince this applivition appesss to be {n conditien for aliowsssce vxeept for formud mattery, prosecution s to the
merits is closed in accordance with the practics under Ex purte Quayle, 1935000 11 432 OG, 213,

9, L7 Since it appears that & discussion with applicant’s represeniative muy resul? in sgreements whershy the application
may be placed it condiion for affowance, the examiner will telephone the representative within about 2 weeks
from the date of this ktter.

10.073 Receipt is acknowledged of papess under 13 LSC 119, which papars have been plazed of revord in the fife.

.Y applicant’s elatm for priovity based on an applivacion fifed in ; on
is sckrowledged, It is noted, however, that 2 certified copy as required by 35 USC 119 has not bees roseived.

12073 Other S—- L{

BOL A28 1T




Serial No. 152,25l P
Art Unit 259

A& separate letter fo the nrafﬁsm;n for cor-~
recting the curvabure of R? to show that it is slightly
convex o the front, ss submitted in the parent case,
ahould be submitted in the present case.

The Yamaji, Harris et &, and Klemt st al
patents are clited to show the stats of the art.

Slalme 1-27 are rejected under 35 U.8.0, 112,
first parsgreph, &s bssed on & disclosure which fails o
gstabllish the validity of the numerical rangez for cer-
tain of the lens parameters, The numerical smbodiments
in the specification clesrly do not support the velidity
of tha renges. Further the sxplangtion in the speelfi-
cation, pages 15-20, falls te explain most of the
ranges 2% forth in the dependent clalms. The explanatlon
on pages 16-20, however, does sppesr to establish the
truthfulness of the ranges in parent olaim 1 exnspt for
the one in the last two lines. The reasonlng set forth
in In re Cook and Merigeld 169 USPQ 208, and espesclally
a8 set forth on page 303 iz spplicable to the last
reange in claim 1 and thoge lun the dependent claims.

Allowsbls subject matter is consider pregent

in the disclosure.

!4 ﬂé Aﬁggﬁwgin
I0HN K. CORBIN

EXAMINER
GROUP ART UNIT 258

J. K. Corbin:ver
T03/557/3107

B-16-72

s
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TR
TEER R .
e aﬁ’i&’,\fk\ 1.5, DEPARTMENT OF COMMERCE
td % i | Patent Office
R Address Only: QOMNISSIONER OF PATENTS
Washingron, Q8. SJ831w
.‘\f"‘"" » FPLEASE REFER TO SROUP ART MY
BOLCONBE, WETHERILL & BRISEBOIS A AR
svxm 3’07 AFFL!CR{!. iBS
CRYSTAL YLAZA BLDG. GOFDON HEFRY C00K,6t.al}
mi mﬁsm DAYI® HYY., SERIAL MUMSER FiLING DATE
ARLINGTON, VIRINIA, 152,254 &~11-71
UPFICAL OBJRCTIVES OF
VARIABLE BQUIVALENT

i

NOTICE OF INSUFFICIENT FEE ARD / OR INFORMAL DRAWINGS
Correction of the infomality checked helow {5 roquired.

APPLICANT 15 GIVER TWO {2) MONTHS WITHIM WHICH 1O SUBMIT THE FORMAL DRAWINGS AKD 7 OR FEE
to avold abandonment of the application.

!.D The filing fea of $ submittad in this spplication is insufficient,

A balance of § is due for additional claims,

2,&] The photoprints submitted in Heu of formal drawings have been accepted for filing only (Rule 83),

Fomal drawings complying with Rule 84 ingether with the compatison fee of £10 {or authorization
o use a deposit account) are required,

The Drafting Divisien of the Patent Office does not have {he facilites for preparing new drawings
al the present time.

To easure prompt processiang and forwarding of &Mﬂ_fﬁ
the format drawings to the examiner, each sheet , )
shoutd Include the Sevial Number and Geoup At NOV 241971

Unit in the upper right margin.

GRUUP 250

o o o F
&L AT

Head, Aoplication Branch

Ivw

FOR USE IN TRANSMITYING FORMAL DRAWINGS AND / OR FEE

Check the approptiate boy below,

D Chenfx for §
D Charge §

this latier are enclosed,

anclosad.

fy my Depostt Account Mo Two copies of

The above is 6 cover the
D comparison fee.
D batance of filing fee due.

Pleass transmit the formal drawings and 7 or fee togather with a copy of this fom. BE SURE YO ADDRESS
THE OROUP ART UNIT SHOWN ABOWVE.

e “5
B 1024 b ARG QG- EATRE BTY

HEY &£7Y
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IN THE UNYTED JTATES PATENT OFFIOR

In re application of Hovenher §, 1872
GORDON HENRY COUK et al

Serial No. 152,258 Jr. Art Unit 259
Filed June 12, 1871

Por: OPPICAL OBJECTIVES OF VARIABLE /8 />
EQUIVALENT FOCAL LENGTH Exr. J. K. Corbin

R e A A AR B i W A e e i e il W A N PN AL Al R i ok e B e e . S v < kb P e s A, o

AMENDMENT
Hon, Commissiocner of Patents
Washington, D.C. 20271}
Sir:
Responsive to Offiedsl Action malled August 4, 1972,
please amend the sbove-entitled application ss follows:
Claim l;’;;¥t to last line, cancel "with radius® ang
subsritute a perdod:
eanael the last line.
- s
Claim 2, line 5, cancel "whoze' and substitute ~wof
differing-~; cancel "Aiffer hy more
_-than 25%,
Caneel Claim §Tﬂ
-~ Pt
Claim 4, line 1, cancel "3" and substitube —wPuw;
f,.-'
line 3, cancel "with radius of" and substitute

e SR

.

gancel line “:x‘ ,
-~ .
at the end of line & igsert 2 period;

cannel lines éf;ﬂd 7.

Ny




Clain 5,

Cilaim &,

Claim 11,

- -
Ine 4, canecel "fhe materials of the elements

of" and substitute a period:
cancel lines S—ﬁifinc1usive.
at the s=nd of line 3 insert & period;

,.f’f,
cancel linse 4-8 inclusive,
M

-
Cilaim 7, line 3, cancel "with radius of" and substitube

v E P §
rancel lins §;° i
’,u"
at the end of line 5 insert a wperiod:
T

cancel linss 6 and 7.

—

T “
Claim 87 at the end of line 3 insert & comma;

caneal line H;’“
f 1 : 1
line 5, cancel "and g{:,»;
iine S,ME}ter having” ingert —-giffering--;
cancel “which differ by more than®'
line ?;féancel "agt. after "and" insert
-=di ffering--; cancel "which ave asach
greater” and substituts a perloed;
—

cancel the last lins.
—

Claim Qfﬂiine 3, cancal "with radlus of" and subatltute

a1t e T
S
cancel line &;
el
at the end of line % ingsrt ~~front.--~;
e
cancel linesd and 7.

-
Cancel Clalm 10.

line #,'cancel "the materials of the slements
ef"; .
e
gancel line 5;
e "
1ine &, zsneel "oy lesg than 0.15 from one

ancther?;

ae ¢




T

Claim 11, line B, ecancel "1.8%" and substitute --1.60--:
last line, eaﬁigl by at least 25%,
Caneel Claims 13 and 14,

o~ ul
Rawrdite (laims 16 and 17 a8 follows:

wiléiﬂz{ﬁmended} An optical oblective as clsimed in

clainfi% in which the doublst component constitubing the third
member h#s & collective internal contael convex to the Pront
with radius of survature [ lying numerlcally between 0.5f, and gﬂj

subgtantlially equal to 9.72fn, the materials of the two elements

of such component having Abbe ¥V nunhers which differ by [more
than 25} about 30 and mean refractive indiess which are sach
greater than [1.68] 1,69 and differ by [between $.05 and 0.15]
about 0.09.

fﬁﬁ#. {amended) An optical ebjective as claimed in
elgim 1, in which the doublet component constituting the divergent
movable third member has a collective internal contast convex to
the front with radius of curvature {lying numerically hetween

Q,ﬁgc and gg} substantially egusl ko u.?zgﬂ, the difference

hatween the mean refractive indices of the materials of the two
elements of such component [lying between 0.05 and 0.15] being
about 0.09,[whilst] while the difference between the Abbe V

numbers of such msteriales [sxceeds 2357 {8 about SQ-fFf

Olaim lgjpiine 35 " kancel “with radius of" and sub-
stitute a commai
cancel line 3§fﬁf
line 39,“§;ncel "has dispersive optieal
power®;

—
cancel ldines 40 and 41,

w3

-
—




-~

-~
Ciaim 29, cancel line 4, and gsubstitute -~to the front.-4:
eancel lines E-ggzznelusive.
- -
Claim 21, line &, cancel Ymade of materials™ and sub-
stitute ~-, and the~w~; '
—~
cancel line 53
-
line 7, cancel "with" and substitute s period;
canecel lines 8+12 fnclusive.
~ -
Claim 22, caneel line 3 and substitute --togethere-;
P
line 4, cancel “between 0.75f, and 1.25gq,
and®;
-
line 7, cancel "less than 8, ang";
1ine 9,’;aneﬂl “whieh latter radius® and
substitute -~the rear--;
-
cancel line 10,
’,,-»"’ .
line 12, ecencel "with radlus of curvature”
and substitute a period;
cancel the i;;t line.
Cancal Claim 23.
Kg’ -
Claim 24, line 3, cancel "less than 0.258, and";

‘,.w“
Iine 7, eancel ¥, such sum in® snd substitute

g peried; -
cancel lines S—igx;nclusive;

Rawrite Claim 2?”&5 follows:

»JQTJEL(Am&nded) An optleal objentive as clalmed in

elaimﬁLj, in whieh the intermal camtaet of the meniscus doublet
componant of the first memher is dispersive and convex to the
front with radius of curvature [betwean 1.53f, and 3£A3 substan~

tially equal to 2.04f,, the difference between the mean refractive

indices of the materizls of the two elements of the doublet teing

Tereater than 0.15] substantially 9.2?.‘"

-l (ﬁ C}




REMARKS

The sriticized range in the last two lines of Clalm 3}
has besn eliminated, sinece the approximate curvature af the
front surface of the third membar may be deducsd by a skilled
lens designer to 1ie within this range, once he has heen given
the basic informastion contalned sarlier In the clalm,

The dependent claimr have likeawise been amended to
eliminate unsubstantlsted ranges.

The required letter to the OPficial Draftsman 1s
attached hereto.

Since none of the references wepre applied to the olaims,
the application is now presumed to he in conditlion for allowance.

Respectfully submdtted,

GCRDON %f?g; COOK et al

o i AT -~
321~-1580 By w/‘{?{i‘: :%ff g"/,,//:v!f&—g:’{_.\:

JFBgw Joseph ¥ Srisebois Reg. 15,965
HOLCOMBE, WETHERILL & IRISEROIS
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IN THE UNITED STATES PATENT COFFICE

In r& spplication of \ November &, 1972
GORDON HENRY COOK et al

Serlisgl No., 152,254 Gr.Art Unit 28%
HFiled June 11, 1971

For: OPTICAL OBJECTIVES OF VARTABLE

s FQUIVALENT POCAL LENOTH Exr. J. ¥. Corbin

W .
v o . e .

or Y

et LETTER T0 OFFICTAL DRAFTSMAN
VGG :

.3?' Hon. Commissloner of Patents

é Washington, D.C. 20231

3ip:

Please correct the surface R? in each of Flgures 1-6
to show 1t as slightly eonvex to the front, as indicated 4in red
on the attached prints, and charge the cost of this work to our
Mizcellaneous Account No. 08-2720, Ordsr No. §3.

Respeetfully submibted,
GORDON HENRY COOK et al
- f;?f ;x

o
+ -y

531-15%8 Ey 5 (.-L‘,.-“'/, fi;‘,)f‘{:‘"“ A L )
JFB: gw JrAsenH F. Brisehois Reg.l15,%6%

HDLOOMEE, WETHEIRILL & BRISEBOIS

e

L
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\ U.5. DERPARTMENT OF CONIMERCE

\%\0 Patent Office
\\«5‘*«*
\*\‘*._.. > Adrass Only: CONMISSIONER OF PATENTS

Waghingtan, DG, 2023
N Edat
7R -7,

7

{5y Reply Please Refor To The Following:

BXAMIMNER'S

NARE J« K. Corbin Pagar Mo,
255 | June 11, 1971 152,254
GE. ART UN FILING QATE BERIAL ik
Hsitod
Gordon Herxy Cook et gl
ARPLICANT j,,.«’ PHAVERTION
-
OPTICAL OBJECTIVES OF VARIABLE *
EGUIVALENY FOCAL LENGTH Unl 20 182 P
ot
y . s
{Holcombe, Wetherill, & Brisebois m} g§§§?‘25§
2001 Jefferson Davis Hwy,, Sulbe 307 i

Lﬁrlington, Va. 22202 J

Plaase Find bolow a communication from the EXAMINER in charge of this application.

Covvmistionsr of Fatants

CHANGES AND/OR ADDITIONS TO THE APPLICATION RECORD MADE BY THE
EXAMINER UPON ALLOWANCE

This application is in condition for allowance and the lollowing changes have been mads thersin by the
Examinar, Should the changes ba unaccap@ble te applicant, sn sppropriste amendment may be pro-
pased after the Netice of Allowance has been received, a3 provided under Rule 312, To ansute

considaration of such an amendiment, # must be submited on or befors remiftance of the Hsse fssue Fes.

PROSECUTION ON THE MERITS 15 CS@SED A NOTICE OF ALLOWANCE WILL BE MAILED N
DUE COURSE

Mot attached Motize of Beferences Cited, POBUZ, which s part of this communication, The listed refarances
arn considersd to bw pertingmt to the clzimed iwention, ot the claims are desmed patsstsble thereover.

N

¥R ‘f

f,»"‘
» In line 8 of page 3 ===, now gbandongde---been ine

serted after "1963%,

J. K. Corbin:sas %ﬁ, pe (:.,«L,A!

T03/557/3107
/33173 JOHN K, CORBIX

11-17-72 _ EXAMINER
GROUP ART UNIT 259

PLEASE FURNISH YDUR 21 CODE IN ALY CORREZFONDENCE

T
FORM POL-3Y (REV, 3701
L5




POL-B5
(REV. 10.70)

& exmrauricotions  cegondsg  this
ngrplinathet aheeds  glve  the el
rutobey, datg at flsg, ond somy of
he eppeitent

LS, DEPARTMENT OF COMMERCE
Patant Office

&dddress Oplv: COMMISSIONER BF PATENTS
Washiagtan, B8 20231

NOTICE OF ALLOWANCE
AND BASE ISSUE FEE DUE

The application identifisd below hos been exomined and found oliowable for issuance of Leters Patent.

FUING DT SERial M, o EF ChotMS ALLOWED il EXMIRTWEE ANG GROULE ARY gRIT
3611428 2. 152254 el Corbis 255

arpulaiEE Merdgold, Peter Arnold; Wales

Cook, Govdeon Henvy; Eagland, and

P

WYLEOF

Optilcal objestives of wariable squivalent
foeal length

HATLEY Jan. 10, 1973 wmib

BASE FEE COMPUTATION _ BaSy REE DUE CLASE-FUR
36 UGS R e B 134 350/186.000

The enmplets lssue For is one hundred doflors 700} plus two dollors {328 for esch sheat of drawing, plus ten
dollars {$16] for eoch printed poge of spucification fincluding claima) o partion thereof.

Inasmuch s the fino! number of printed poges ¢annat be determined in advance of printing, an inltial BASE
1SSUE FEE {censisting of the fee for arinting the first puge of soecification (DY plus the fee of (§2) for each sheet of
drawing, ndded fo the foe of 3100} must be paid within thres manths from the dote of shis norice, or the application
sholl be regarded as ABANDONED,

When remitting soid Bave lssue Fee, enclosed Form POL-#5k should be wsed, and i use of o Daposit Accaunt is
baing suthosized, POLBS: should nho be forwarded.

The Base Jssue Fee will not be accepted from snyane other thon the opplicant, kis oesigage, aftsrney, or g purty
in fnterest os shawen by the records of she Potent Office,

# an assignment hos not bean previously filed and it is desived 1o have the potent ksus to the assignes, the
assigrment must be received in this Office with the recarding fes together with the Base lasug Fee. In any event,
the appropriote spacels! under “Astigamsent Date” on POLBSD must ke complated, Whare there 1y on assignment,
the masignee’s oddress must be given 1o ensure 3 Inclusion in the pentad potent,

in coniection with the nddress of the inventor(s), attention s directed to Form POL-231 enclnsed.

A Notice of Balance of tasue Fee Due will by mofied ragethar with the patenter’s copy of the patent if on additlsgal
fee ix dve. Faymeni must be made within thrae months from the dote shown on said Notics since FARURE TQ PAY

THIE BALANCE WITHIN THE TIME SPECIFIED WiLL RESULT it LAPSE OF THE PATENMT.

IMPORTANT
~ - ATTENTION 15 DIRECTED TO RULE 334
. , . i REVISED NOWVE 4, 1968,
fiolcombe, Wetherlll, =t al BEVISED NOVEMBER <. 15¢
2001 Jefferon Davis Hwy., - THE PATENT WILL 1SSUE TO APPLICANT
Suite 307 UNLESS AN ASHIGNER 15 SHOWN IN
L Arlington, Va. 22202 N ITEN 2 ON FORM POL-85b, ATTACHED

PATENT OFFICE COPY Z’ b




i nA— ——, ——_

POLBSE
SREV, 107

BEST COPY

- - L e S P e T PR SARARAR ARARAR AAA Saniniie i oriyir s AR YRR Rl Spimercn ST e, Y

vof ransemires and i

563~ SAT— 0 —

BASE 1SSUE JEE TRANSMITIAL

§

&t

Pavant Dfice
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IN THE UNITED STATES PATENT QFFICE

In re appiication of Maren ¢, 1973
GORDON HENRY COOK et gl ALld, Jan.10,1973
Serial No. 152,254 Final Fes Pd. Mar.%,1873
Filed Jume 1i, 18971 Gr. Art Unit 259
For: OPTICAL OBJECTIVES OF VARIABLE
ERUIVALENT FOCAL LENGTH Exmr. Corbin

CLAIM OF PRIORITY

Honorable Commissloner of Patents
Waghington, D.C. 20231

Sip:

Applicants hereby clalm the priopity of thelr corres~
ponding British appliestion No, 35088 filled In Great Britaln,
September 14, 1962 by applicants' assignee RANK PRECISION
INDUSTRIES LIMITED trading as THE RANK ORGANISATION RANK TAYLOR
HORSON DIVISION as is permitted by British law, applicants belng
the true and first inventors.

A& certified eopy of sald British applicabtion is
attached.

Please note that this appliecation is a continuation-
in~part of application Seriazl No. 309,208, Tiled
September 16, 1963,

Hegpeetfully submitted,
QORDON HESRY CQUK et al
sy_ Gt 7 Logl

. Brisebols Heg.No. 15,388
OLOOMBE, WETHERILL & BRISEROIR

521~1550

gkl & f?
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Tur Pavont  OFFICE,
25 SoUTHAMPTON BUILDINGS,

Lonpon.
£ 1, the undersigned, being an officer duly suthorised in accordance with Section
& 62{3) of the Patents and Designs Act, 1907, to sign and issue certificates on behalf

of the Comptrofler-General, hereby certify thar annexed hercto is a true copy of

documents as originally filed in connection with the Patent application identificd

therein.

I
I Witwess my hand this

% day of iﬂ&ﬂw‘j g 19/} .

Q244 TH SIS <0 1SN TP, Gpfo
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his invention relatex Yo an optleal objective of $ho
Tgoom® type, that &s of tha type howing relotively nmovablo
members wheredby wnder the contyel of & zuom contyol slenent
the eguivalent foeal length of The obleodive cox be aenﬁinubﬁmm
1y varied fthroughout s range, whilst madintadning sonsbant
position of the imsge plane, vhersby the slze of the lmwge

gan be varied, Agcommodadlon for change of obhiect poaltlon

1.

iz usuelly sohieved by dwmpaviive an additional movemont to the
front member ol the objenblive,

Many diffienlties arise in the design of sush ohjcuﬁives;
and one of tho problema facing designers of toduy is to
achiery an inoreaged range of wariation of eguivalent focal
length and, where pomaible, slso gn lnorossed angular field
of view. Attenpts to sohioeve this weuslly invelve the use
of rvelutively conplicuoted smevnble meambere in the nhjectivé in
ordar 4o make 1t posxible in such movable members tdotabilise

Iy

the aberrations throughout the range of vaviatlon, such
shabilised eberrstions then being compensated in 2 stationsry
voar member Hf the objootive whish alse serves fo loeste the
resultent lmege plane in g convenlent poeition., fThis in

turn invoelves tha vee of relatively large and heavy movoble
mentbers and not only inecreascs the bullk mnd sige of Fhe otw~
plete objective, but also presents sovere mechsuicsdl problens
in controlling the wovements, espeolarlly beardny iu mind

that &t lesst one of the movehle members must necessarily
perfork 8 movement beardng a2 non~linesr relationship o the
movament of the goom control elemsnt, lony sttenpis to sxtend
tha yange of vardation of the gnuivalent foeal length hove

falled, becauss thoy have femunied deportures from Idusarity
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of moversnt which sre fsypraeticadle mochos icyﬂ,g, sod oiten
top Yecsuse they hovs invelved an increnss dn the bulhk wnd

gize af the objleetive o wauenoageabls

o
il
3
&
2]
&
b
o
jor
&
Q
]
5
by

Ircteaduced ton movnon w@ﬁina} dgiffionliies ln aohleving

Une way of reducing ths wmechantcal cong
gryange the syeten bt the Lfrond wmeonber doss nod partlelipate
in the zoonlng muvenonts for varging the egulvalont focal
length, so that this mamber iy vonoorned only with Sovunsing
movenends and 1o rolioved of the oouplination of auperdapooing
focussing movenenta an seoniyy movementsa, Sush on sreavgoment

is uwiilised in the pregent 1vcn*ian5 whorein tha priuwary

shjeet is to py savide ud *m rav&ﬂ M1*ﬁwbc1¢nu of the novadla
sysﬁem of the cobjective, which can be oumployed with vavious
ifferent arresgenents of fhe front mender and will cooperate
therewith $0 onable abervation gstability to Yo acthisved
throughout a widely extended range of viriation sf the sqguiva~
lent feesl length of the ohlechive.

The ertieal abjeetive of the agon tipe according to the
present invention hos four uembers of whidoh tue Tirst (counte-
ing from the Iront) for o given objeot distaunse rowmeins
syationary durding the sooniy relaotive covenments, the sscond

ayrd Phird ave ddvergent and uovehls, and the fourth is con-

vergent and stationary, the prosition of winigun separation

between the gecond and third wenbers occurring when the
equivelent Local leugth of the objective la gre&ter than half
8 maximuws valus in ihe renge of varistion, uwallsi the
equivalent focal lengths f wad f, respeotively of the mov-

able pecond and third moumbers lie respootively betwoen 4 and §

- 3

.




o

tines the minimum value of the ratls of e eguivelent focal
iengtih of the objeciive to the fiuumber of the objecvive in
the tange of vardistion and botwesn 5 and 10 timss suen mininwm
rativ, the diverguent povebils second wewbes consieting of
divergent sinple mondsoug ponponent with ito surfmces eonvex
t¢ the frond followed by a divergent conpoeond sumponent wand
pevforming during the range of voriation o fotal azisal uove-
ment Lying beivesn l.éfﬁ und ﬁ.,ébi vhilst the divergent wove
able third sesber consists of o doulled gomutnent having a
front surface coneave to the Iroent with redius oy ourvaturs
between 0. Sxe and 1. an and yperformg during thae range of
variation s Total axiul moveneut lying uvetwesn O 25£ﬂ axd a.igﬁ

I% du Yo be unbersicod that the ferma "Tronit and toar 1Py
as used hereln, relste respecilvely o the pides of the od-
Jeotive nearsr to g further from the ionger conjugats in
aceoxdancs with the uswal convention,

It ghouid also br mede clsay that the ferm “internsl
Ygontact?, whon uwsed dun comisotion with a sompound eﬂﬂponstt,

ig lutended to inelwde, noet only a coemonted conteedy bulk slse

‘what is commonly kuown aa & “hyoken eentaet®, that is ono in

which the two contooting surfaces have slightly 4ifferent
radif of curvsture, the effective yadins of curvabure of
such g broken contact being tuae arithaetlce mean bobween the
radil of ocwrveture of the indlvidual cuwnbaoting surfaoes,
whilat the opbical power of the byoken contact is the harmonie
wean betwesn the opllcal powers of tne ilndividunl é ntoeting
surfaces,

The oharacteristica of the movable second ond third

menbers above specified contribude ftowards keepling the overall

%, t?%ﬁ é
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batveen %P, and €2, thus arsiebing towards siabillisntion o
& : :

e

gsphariond aberzotion and oomid.

hilot sueh comgound opmponent may conaint of g doubloed

-

covponent, &t will vewelly Lo grelorable fow i1t €0 be In the

form of o triplet componeat heving a convergent glement bee
tegen tue divorgonk clomenios Thioy in wview of the Lindded

availability of suitable materlals for the varieus elenenda,
faollltates ocorrectien of chrenadic aberretion and the desived
stabilisadtien of the othsr ghorratioss withont exanpndve
curveture of the inddvidual murfacan.

The sveldonnce of exncanlive ewrface curvoturos coan sl
be assisted by employing for all thn slemente of the sceond
asmber naterdals vhose mean vefractive Indlesn are greatey

¥

than 1.65; whilsd the mean redravtive indices of the materinls

of the plouments of the conpound compement in mch nowber do

not differ from one another by move than 0.1%. The swithe

¥
£

w

motic mesn botuweon the ALLE V nuabers of the moteriads

ognds

o5

F

the divergent cleomente in the second waaber preferably

that of the conversent elesend or ¢lencnts by st lenst 25

-

N

in ordor 36 sssisd dn currcsllng moel somboyr foy chromatis
aberration.
The doubled cowm-onent congtituting the diverrment wmoveahle

thdrd malber preferebly bas @ collective intornal eondacty

convex to the front with radivs of ovrvature velween Caif.
Ve

and L.y the difforonee bebveen the nwm polfrgoetive ludioes

of the materisls of the twoe elements of ouch componsnd
Iving hotwesn Q.05 ond 0.15, whilat the differsnes bebwoon
A

the Abbdé ¥ nuabors of sueh motoriols oxnoesds 29,

These Tectures contribute towards thoe desired

R A R
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ptavilientlon of "ﬁhv,<\81 EUCRTRUNACN fuin Giad

Tocdivtate dnddvidusl correction of ibhe thlrd menleyr Lor
chrometic aberruiion. ‘

An in the case of t.e sentond merber; 14 1o preferabile ko
enploy materinly for the olesnanta of {the thivd meuber hav;ﬁg:
mosn refraotive indlesws greetsr then 1,85, in order fo aveld
excessive sturfsge gurvetures end lhus facilltsete the atbtuin-
rment ol & widﬁ velative aperturys {or shy wmeuder,

A povebin ayales srronsed in the mumer gbove desdribed
ir wocovdancs with tne present invention ie swiiable for use
witls vapdous diflerent arrangepenis ol ithe Yirst mewmber of
the objeotive, bub L¥ 48 espesinlly advanlageous for such
mowbey fo have one or more of She felloving chorucberisticusr~

A) The {ivad pawl conivergent sndliay codie
prise u frent weniscne doublet component wlith its Lfroabt and
vaer suriscss eoncave Lo the front Lolloved by two sinple
caﬂ'ergsnt‘cfmﬁanenﬁs, the froudt surfece of tbe doubled come
ronent having dlspersive optiesl pover lyviug mpericslly bo-

eoguivalont ool

tween G,ﬁ/ﬁﬁ and lﬁﬁfﬁﬁ, hewe Ty
tength of the firet mewber. Fhese featurer permit {the rear
nodal y aint of the firsi meuber %o be far to the resr and
preferably bobdad tho wear surface of the nowbeyr, oz Qquﬁ“ﬂ*
tion with dbe forwardly locabted {ront »medsd point ef the
seonrl mewbor,

B} The internal sontact of the meniscus deudlet comparient

of {ths Lirst wewbor may be disperglve and convex to the Lront

P G SO, S P RN S s T B - 3 e N R N S
with radiuu of esrvature boiweon L34, wd 3, lae didfer-
& LN

encs hatveen the sean refractive indicoes of the matberials

of the ftwo elemspts of such deubled eotponent Weling arestor

¢




e,

matism throwghout ibe range

than 0.1%., Thege features coriridbuis uannﬂ} atabili
of sgherical gberration and eatigmatisw over tho desircs
Togvesing rangs Yo sult diiferent object dilsbunoss.

g
&w

¢} The two ainple odmponends of the Firwt uembar

together hsve & coubined equivalent focnl leng¥ih hetworn

el

ﬂ.

0.78f, and 1.25%,, their front surfaces eneh being ocnvsx %
L2y
the {ront, the rafius of eurvatuye of the front surfoce of

the firvet of such siwple conpopents being less fhan &5, snd

a

grester than twloe fhe raddue of cnpvatwre ¢f the Lromt sup«

ot

=, F-] Taen g o 2 A N X oyt o Bty
fgee of the second of such oiuple oowmponents, whdleh latioar

rodina of ourvature may in torn bo grestey thaw WYL .

Theve festures zevist towards stablilicing the gherrations,
espeolally apherdenl sberration and sstignatiss, nod oaly

Throughout the raage of fovuszing adjunsinends, bud also

throughout the ranpgs of wvordelion of sgulivalent feesl loengih.
0} ke vear suriaes of the reay couponent of the firsi
menber way Wb convex te the Irent willn “aa;ua G eupvatura
betwesn 2L, sud 7f,. Tkig festure contributes towsrds stablli-
sation ol priwery aptigmatism throwshoud the rugge of foougse
ing adjustuents, and alee of primary wnd kigher order nobige
P verlcdiion of eguivalent focald
lengtit,
¥} The axial ihickoess of the moniscus deubled oongoanentd
of the Liroet menber moy be lege tkon G885

the sum of the axlizal thickneosses of

thereel, such sum in turn beling grests

festures ceniribule towards the depiped
the roar nodsl polud of fthe first monber.

¥} . The aritheoeiic mean botween the 4lbe V numbsys of

~




LR Wy,

-

the materdols of the threc convergent olemoenty of the Lirst
aember may exceed by ot leant 20 the 4hbE ¥ number of ihe
meterial of the Sivergsut front elemcnt of dhe wenlsous doubles
sopponant of such svuber,” thus fseilitetizg dndividual soppec-
tion of tne first wewber for chryomaiic aberraiion. ‘

o

3
[

e

fhe soulveleont focal leungth gﬂ of the first wewber
may lie belwesn 18 and 8.4 timey the wmadisum valus of ths vatis
of the equivalsnt fooal lengsh of the sbhjective to the £iAmuuber
of the okjsetive. This fesiure aosists towards keeping the
overall dimensions of the objeetive and also the relative aper-
ture of the firet member ag swall os possible,

Tarious combinadione of the fovegoing features moy be
Iacorporated in the arrangsuent of the {iret momber, and i3
1o gapeclally advariosecus o srrange much member in cesord-
anee with the duvention forwing the a%bgectkbf the prescnt
gppliceanis’ Drdticsh Totent Application Ho. 35053 ol 1962, 1{1led
eo&currently-ﬁerewiﬁh‘ The objective in accordance wiih
the dnvention of amuth conourrent patent applicutiss hap fouy
rembers of wideh bhe firet for s given ablect diglance rouning
ptationary during the sooming relsndive novementds, the sesond
and third members are movable, snd the fourth is sbetlionary,
at least one of the movedle second end third menbers being
divergent, whllat The Lirst nswber is cénvergcn% and come
prises a front wenisens doubled gomponent
sinple convergent components, auch doublet éomponent having -
g front surface coneave o the front with disperelve optical

and an

gy

power lying womerieslly belbuesn 0,%/7, and 1.0/
wd

£

4

interrnal soentapet whieh o dispersive aed convey $0 the front

with radiuvs of curvature betwsen L.50E. sud 31 the diifererncs
s Vi A

iz
M




hetwesen the mean refroative indices of the moterisle of the

two elesents of such doulllet cosponont baing grester than 0.1%,

whilat the $wo sinple conpoaania of the first measher tomethexr
a L

have & ccwblned equivalont feoal leugih belweve 0.75£, and

- ~ S IO S LN sne e oY ooy e
1.285, ua“ have thelr Spowd enwrinocs sawvex Su tho Jroaty the

radiges of curvaiture of the frontd ouelace ol the firetd of sueh
ginply couponents bedng less $han #.1 end greater than twice
the rofdivs of curvaturs of the fvoent surfacs of the sscond
of puck sdwple couponende, whilelh latier reddus ol surveburs
in in bturn grester than C.785%..
In all the srvangesents sccovding 1o the present inven-
tion, 1t is preferable for the ivis dlgphresm of the objeotive
to be statienary and to be loveted bohind the wmovable third
menber of the cbjective.
Fumerdesal dain Loy sone gonvenient prugtical sxamples

el soem ohjeciive g

s preatnt laventlon are given
in the folxlowing tables, in which Ei, F\..o..u eignate the
radii of aurv&{ura of the indiviGual surfuess of the chieo~
tive counting frox the front, the poesitive sign indlesting
that the surface is convex to dhe Ifrunt mud the negative sign
that 1t le coneave thereiw, bl‘ ﬁa.¢... denignate the auial
thicknesses of the Indlvideal elements ol the objeeilve, and

L&

r</

l* uaq‘..¢; designate the avisl ais sepavations bhetweon the
camgonuntd of the cbisctive. The Tables alse give tho mean
refractive indicew By fox the d-~line of fhe spseirum and

the Abbé ¥ numbers of the materisls from whioch the variocus

elemenis of the obisotive are made, end in nddition the

glesy dismeters of the vardous surisees of the ghleative.




e seoond smeoblon of esch tadle gives the varuu s

the three voarisble wxis 1 air veparatleouns bebueon the fouy

mewbers of the ebjeotive fox : number ol reprocentetive poste
tions, for s v othe correapueding valusw of b squlvalent

fooal length ¥ of the compleis objestive froe its mindmun

value Ea to ite meximum value P ave alze given, together

with the gorregponding valuss ol log ¥,

Sowme of bne "iﬂa'hj“ alas kuve o thied nzetion glving the
an -aspheric surface
the objlective, the

fane In ths first 830

Q/

ii. 8?}
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Exagple 1Y,

s

Raddius Thickness o Hefraetive hha ¥ Clany
Air Seypsyation f;ﬁéﬁ p* Humbor Blometer
RN 5 * oy .
=
Al - 7,214 ‘ ) R, 4.9192
" Dl 0. 2004 1768 2L A0 - .
Ha + 12,8801 . R, 4.9042
2 D, 0.8908 1. 51507 56,45 2
S - A T, G 001
: 3, 0045 ' i
L+ As.2ume S R, 0168
& £ - wpopeg £r o *
' Dy 0.3661 AR D .90 0 *F
R, =~ 22,5012 : He  4.BOMG
S? . 0047 ’
Re 4 B,6U3 " PR R S 3
o Dy GuBBAL LTI £7,450 v
¢ 24,5154 ‘R? Y, 3887

5, variable

it
w5
Al
oy
%53
o
I:
-3
o]
A
fre ]
3
e
[#2)
o

. 0.0804 166754 56,19 g
g v L7z 7 R, 2.1161
. S, 0.5178 4
Ropg = 345133 R, 2,008
A0 s wes 0.0714 1,69754 56,19 3
X + AR - R, 2.01%2
11 B, 03036 1,787 26,10 1

Ry, 149925

Dy 0, 0714 1.69734 h6.19
L.31s61

3 o 8. varlable 15

fre T RO vs 0.0536 169734 seag x TR
15 * %'863% Dy, 0.1518 1.7847 26,10 %15 e
Fyg * 14,3274 5 variabio By, 1.1857
%*? TR D;l £.3875 Lo ewazo AT O

fowr
oot
P
ped
-
oo
=l
W
$od
»
LX)
P
o
o
-
¥

§4,20 iz o

:a - . - R’

i 5- 'i’. -
21 - ; 3
e yx 03875 L5188 G4 20 -
22 ES &\ﬁ@’\‘?’:' . H')T‘ l:§€‘?2c
5y, 0.4375 ==
~ &, 2315 {agpherio } ®B.., 1

63777 17283 ‘2886 S

0,0929 1,728% 28,66 23
G 2304 161342 59, 29 28

7
P Y 0. 2304 1.61%542 54,27 gu
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In 3l thecse sxavnlow, the wwoimus velus Fof the eguival

.k
Pt

Rl . »

ot foonl lenzth ¥ ool the obisobive ls ten btlues the niuimum

- o
3

valus Fé thersoef. Suanrnia Lhocoreaoted for o rolativs
Laperture §f4‘&, viailet Pwxanplog 1T end IIX sye wach corracted
Yor & relative sperbiuces £72.%,  Lrumplos LI snd 1311 gidfer

Py

from one anoetlier solely in the stetionsry resr nogher, the

Yrond three mewbers being identiesl in the two examples. Sugh

" froat three mexbers oare 1n foot siuilar o the Lront three

mewhers of Busuple I, Iges wedng sealed wp fraw

these of Eremple I in the raslo of fhe f/uumbers, that is in

1L

Zon
L]

4he ratlo &.0/2.03. Pae resr mewbors in Fxawmplsz IT an
are, bowever, ol sealebd-ug verslomy of ths reor membexr of
Byenple ¥, 11 thwee examplay aover o seul-snmaliay flels of

view varring Iron 27 degress &1 P to 3 degrers ad Fn’

Phe drds ddapiragn

el i logaved bebween v
svhationary fourth mouber, I Hxanple I othe dlaphrasm o
§.06825 Fa in front o the surdacs Hl? and hos diapeter

§,5568 FQ, whilet in haswple IT the digphrags is 0929 FQ

in front of the surface Ry wad hae ddsmeder 1.3240 F o, snd
T

3

3

e

in Exaaple IIT 3t is G

R

T, in fyewt of the ©
3, ia froent of the ourface il?

o

and has diasster 1,224

.




opurfocs of the obe

&
o
P
A

Tha hatk fooal dlstavece {ro

Jeptive to the inage »lasne ils 2.8301 P, dn Hranyle I, E.8%81 Fg

in Exsmple I and 2.3027 P, dn xaumple IXT.

AL three exanples ihcorporate the inventlon of {the conw

wrrent Hritish Patont Applicotion shove measicned,
The equivelent foogld 1eagth.gi of the siaticosry Lirst
membeayr 1s + 4,4531 FQ in Bxaaple I end -+ 6, %644 FO in Mwemplen

IT and 1IT; the oguiwvalent foewld leusgte L. ox tho wovalls

[

[

gacond memboy i - 1,4703 FQ i Bxample § and ~ 2,1004 ¥, in

-

Tzanples II ond the egulvalent loeald 1Gﬁgﬁhn§p of the
'3

(3

S0 o
* .){_,?DU‘ g.lr

I

4 I1%;
navable third nenbar is -~ 1.0176 ¥, dn Example I and - :

in Exemples I and ITT; and the sguivalewt focal lengtih gD

of tThe siatlonary fourth menmber dg + 1.4755 FQ in Exenple I,
3+ 2.1286 FQ in.ﬁxamﬁleﬁi wad o+ BL3ARHA2 FO in Hxample 11X the
poesitive snd negatlve signe respeotively ludlcating conver-
gence sud divergenae.A

In all t&reﬂ cxmuples, the convergent statlonary frond
mewber oonsists of a menisoun doubled couponent followed by
to gonvergent sinple components. The front surface Rl of
the doublet componant ts conegve to the front and has dis-
porsive optical powsr nmumericslly equal o 6‘155&f§a ox
a,ﬁgﬁﬁﬁgﬁ in Exesple I, 0.1@@3£§D o 0.592&f§ﬁ ia Exanples IX
and 111, The internal sontset R, of the Goublel component is
diopereive and convexr $0 the front and has radiuvs of curvature
egual to 2,0373 k9 in 811 throe oxanples. Uhe difference
between the mesn refraeﬁi?e'iﬁ&icas af the materiasls of the
two elements of such doublet compongnt is .27 iu all three

exanplag,

1.




AL

-

Phe conbined eouivalont Tocal lensth of the Twe minple
gomponanty of the fivet nmosber s 4.0013 ¥y ox C.80L LIy in

Eyaxhja T, 5.7162 . or 0.5001 £ in mavpden I aud IR

4 A &
The radiung of curvature N, of the front swrlace of the Mrod
L4
of such plaple comporentn io 2.3007 £ iﬂ all thres oxamsnlon,

widlest the radius of eurvaluve RG-ox tnﬁ feout surlfece of the

other simple componont is C.8304 § in all these oxannles.

=3

He rear surface By ® ol the roor componont of the firéé
member &5 convex Yo the fronk snd haw Aadius'cf eurvabure
squal to %8520 £, in all thres exampled.

Cthe axial thickuess (nl + DqB of fhe menisous doublet

component of the first sembor is Q,7850 F or 0,1718 ) in

¥

L

Brawple I and 1.0942 ?G or 0,1¥19 £, in Bxiovples I wmad XIXo
The sum of the axial thicknesses {Dy + Dy) of the two winple

components of the first mewber s D.5E52 ?0 or 0.1242 £, in

[N

.wﬂmﬁ‘e T and 0,7902 F,oor 0248 £

£y o Dmaoples 1T and 1L

-

The srdithnetic mean betweoen the AdhE ¥ numbers of 1

materiais‘cf'the three cowenrgent oclewments of the first nomber
in 8111 threo oxamplos 1o 50,72 and thas sxoesds bthie ABhSE ¥
number of the ddvergent front elenont of $he first mewbor by
24.62.

Ta Erasple I the paxinug value of the watic of thoe equiva-
land fooal lensth of tho ebjeedive o the Llmaeber of the
abﬁéctive‘is 2.5 Fa, a6 that gi ig 17880 i;gtm siagh moimom
yalug, whilet 4n Rraw pleg II snd IIX1 such smoxinmuem ratic is
3. 571 Pyr 80 that £, s again 107020 times such maximes
ratlo. ‘

The @oaition of winiomm sepavation betwesn the m&vaule

govond ond thixd nonbors ocoowrs vhen the eauivelont focal

19,

ppmanmremannoms




s

.o

longth ef the objeotive in 7,.s5 ¥ dp ol dthree oxs

ey

The equivalent fodald lon L Eg rnopsstive

geoend and thivrd members ars rewpeatively H.E818 suwd 7.3704

timgs the minimum valie of the ratls of the equivalont focal
length of the objective %o the {/muuber of the objestive in
s8ll thryee exanmples. ~

Phe movebls socond menber In «ll thres exawnples sonsists

4

of & divorgent sinyle renlscus cosponent with ite surdgoes

eonvox o the frent followed by s diverpest triplet component

having & convergent elouant bolween twe olvergent r?ame“v
and dts ftotal axlal movenent in the renge of veriation 1s
numerieslly squal te 1.9942 f..

The front and reor swrlzces g and Iy of the siwmple

voly heve rodii

5.)-

acniscus conzonont of the cedond menher penueod
af curvaturs nuserioslly aqual o 1.8876 1, and 0.8266 Eye

The fromt and resy surloces i, =ad R13 ol the triplet ¢ome

i
ponent of such mewmber rospeotively have madii of curvature

numerically esual ¥o 1.863% L. wne 39218 L.

The moveble third megber in zll threv exsmples consigto

of a doublet coumporment whose Iromt surizco Rl& is cvmosve fo

the fromt witsh radius of curvatiure rumerically egual to

0.7TLES gg, and the todtal axial sovoment of guch membor is
nunerically equal te CG.O050 La

Ihe interzal convact EIS of the doublsd couponant of ths
third membeyr is colleciive and convex o the front and has
radivg of curvature numerically equal to 0.7164 ;c. The
differonce botween the mesn refractive indices of the moterisln
of the two slements of sueh doublet coumponcent ds 657% snd

3

the differeanve vave‘ their AbBE ¥V nunbers g 306.04,

20, 9’3@
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aotual emmurnle given, come

gcorreciion could be anideved by incorporsting sue

puxiace.

It will bo apvrecioded thad, althoush it

they dngravenen

TR RS
52

- pros wr - 3 s
ig preferved bo

uploy 8 front member arranped in scceordence wiih the iaven~

ticn of the coneuwrrent Mritdekr patent application above

g iS [F32

sentioned, Ll

o

- A o S R A S S 2 . .
no wormne eogential to the duvewlion

and other avrangemends of the {ront nonber may olee be

advantageously used in cwoporoiion with the m

above deasceribed,

s
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0.5 Do AARTMENT OF COMMERCE
Parent Office

Addenss Only. COMMISSIONER OF CATENTS
Wwashingten, 3.0, 20231

: -Maprch 22, 1973

Holoombe, Watherill & Brigebols

2001 Jeffarson Davig Hwy.

Buite 307

Aplington, Va, 22202
In re Gordon H. Cook, at &l
Ssrial No. 152,254
Filed Jume 11, 1971

Fop: Optieal Objsctlves of
Varighle Bquivalsnt Foeal length

Gentlemen:
Receipt is acknowledged of papers filed onMareh 9, 1973

purporting to comply with the requirements of Title 35, 1.5, Code, Sec. 119 (1852}, and

they have bees placed of record In the Jile,

Issye Conrol Officar
tssue and Gazerte Division

[2+~2 W £ SN 3 4 BT e DT BREITLRTY
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IN THEE URITED STATEE PATENT QFFICE

GORDON HENRY CODOK et gl June 28, 1973

Serlal No. 152,254

Filed: June 11, 1971

Bor: OPTICAL OBRJECTIVESOF .S, Patent No. 3,736,048
VARTARLE RQUIVALENT
FOCAL LENGTH

Exmr. Corbin

Group Art Unlt 259 Granted: May 29, 1973

S e S e Bk s i L i S ARG A S e S o - . e —~—an

REQUEST FOR CERTIFICATE OF GRERECTION
UNDER RULE 322 O ° Toew

Honorable Commissioner of Patents Y s
Washington, D.C. 20231 ™~ L

Sir:

It is respecbfully requested that the Offislial Letters
Patent, above~idsntified, be corrected as per attached shest.

Plegse corract the spélling of the gssignee's nams
to read THE RANX ORGANISATION LIMITED.

The negessary elsim of priority and certillied copy
were filed In the Patent Office on March 9, 1973, however this
information was omittsd from the headling of the Letters Patent.

Pilesse note that these were clerdeal srrors in the
printing of the patent.

Regpectfully submltted,
PRGV w0 GORDON HENRY COOX et al

- 2 e
ACT 1 v W73 // Yy s
 w
L //} ;kﬁéﬁJwa .. Adcsegn F. Brisebols Reg.No. 13,365
TR LR HOLCONRE, WETHERILD & BRISEBOTS
FQR"HEQ\,\!’-« e o

521~-1550

ar 57 sr




7355

IN THE UNITED STATES PATENT OFFICE

\ 13
Iin re appliieation of HL 25 1

GORDON HENRY COCK et al

Patent No. 3,736,048 Reguest for Certificate
7 af Correction fied

Sranted: May 29, 1973 June 28, 1973

Fop: OPTICAL OBJEQTIVES OF

VARTARLE EQUIVALENT
FOCAL LENGTH

i P R i, S i i s B i i i S e i i SNl o e i S St e s i VR V16 i e R N S S o WM 7 e i SN i el = i N N M e e . i e o VL

BOTICE OF CHANGE OF ATTORNEY!S
FIRM NAME AND ADSRESS

Hon. Commissioner of Patents
Washington, 0. €. 20232

Sir:

This will advise that as of Aupust 1, 1973, the

firm name and addrass of the undersigned attornsys of
record in the above gase will be:

BRISREOIS & KRUGER

Suita H12

FIEL Jefferson Davis Highway
Arlingbon, Vipginieg 22202

Respeetlully submitted,
HOLOOMBE , WETRERILL & RBRISEROGIS

g < . A

JaseégMF, Srissbols - Reg, 15,%6%

96
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IN THE UNITED STATES PATENT CFFICE

In re application of
SORDON HENRY COOK et al
Serial No. 182,254
Fllied June 11, 1971

Feor: OPTICAL OBJECTIVES OF VARIABLE
EQUIVALENT PCCAL LENGTH

an - s o

LETTER TO CFRICIAL DRAFTIMAN

g A A

Hon., Commissioner of Patents
Waghington, D.C. 20231

Jir:

November b, 1§72

Gr.Art Unit 259

Bxr. J,. X. Sorbin

e e A R o S e T O T U e, G i R S il W

Plesse correcst the surface R? in each of Figures 1-8

to show it sa alightly convex to the front, as indieated In ped

on the attached prints, and shargs the ceost of this work to our

Miseellansous Account No. 08-272@, Order Ne. 53.

Respectfully submitted,

' GGRBQnggﬁﬁY COOK et al
g

521-1550 By .
JFB:gw

Bep

?‘ i
I

F. Brinsbols Reg.i%,0h5

HOLOOMBE, WETHNRILL & BRISEBDIS
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105

¥
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187

{193

108
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4L12

12

114
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116
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CGSﬁITION ARND STATUS CODES FOR CONTINUING DATA

CODE CONDITION
123 How Patented
03 Now Abandonad
Tl A continuation of {including streamline}
81 which is a continuation of
72 5 cantinuatioﬁéinwgart of
82 which is a continuation-in-paxt of
75 and a contisnation~in-part
73 A substitute for
74 2 division of
84 which is a divisien of
86 ; said
a0 and
gl and a continuvation of
a2 r @ach

NOTE: When the codes 88 and 32 are usad thay must be followed
by a code in the series 80 (81, B2, or 84}; the
gonditions begisning with "which is....",
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US3736048A 19730829 [ no drawing available]

(ENGY OPTICAL OBJECTIVES OF VARIABLE

EQUIVALENT FOCAL LENGTH

Assignee: RANK ORGANISATION LTD

fnventor(s) COOK GH CMERIGOLD P A

Application Not US 37360480 A

Filing Bate: 19710611

Issue/Publication Date: 19730529

Abstract: (ENGY A zoom lens having an inproved zooming range and comprising a convergent Hirst member
which for a given object distince romaing stationary doring the zooming relative movements, an axiatly
movable divergent second member belind the first member having equivalent focal length & lving
munericaily belween 4 and 8 thnes the minimunt vatue of the miio of the equivalens Tocal length of te
complete objective to the fnumber of the objective in the range of variation, an axially movable
divergent third member bebingd the second nwember having equivalent focal length £C Iving nusnerically
between ¥ and 18 tines the minimanm vatue of such mtio, 8 stationary convergent fourth member behind
the third member. a zoom control elemend, and nwans wherehy aperation of the zoom controd elemernt
causes the zooming relative movernents {o be effocted, whorein the total axial movernamt of the second
mentber n the mnge of variation lies nunierically between {5 and 2,568 and the total axial
movenent of the third meraber in the range Hes numerically between 0.25(C and 0.3C, the odnimum
axial separation bebweon the second and third members cocwiming when the equivalent foca length of
the object is greater than half #s medmum vatue in the mage of vaniation, the movable divergent
sccond member consisting of a divergent simple meniscus component with its surfaces convex © the
frovl and a divergent compound component behind such stple component, and the movable diverga
third member consisting of 3 doublel component having its front surlfisce concave 1o the front with
radivs of carvatsre Iving numerically between 0.56C and 10C,

Priorvity Datar US 153223471 19710611 A L

Related Application(s): 047309208 19630916 US  ABANDONED
PO (International Class):  GOZBO15YT

ECLA (European Classy:  GU2BGL3E7

US Class: 339683; 359688, 339708

Publication Language: ENG

Filing Language: ENG

Agent{s): Holcombe, Wetherill & Briscbois

Examiner Primyary: Corbin, Jobn K.

Assignments Reported to USPTOn
Reel/Frame: (48040110 Date Sigped: 19871021 Daie Recarded: 19830302
Assignee: RANK TAYLOR HOBSON LIMITED, 2 NEW STAR ROAD, LEICESTER, LE4 7JQ. UNITED
KINGDOM A CORP. OF UNITED KINGDOM
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Assignor: RANK QRGANISATION PLC, THE,

Corres, Addr: LERNER, DAVID. LITTENBERG KRUMHOLZ & MENTLIK 600 SOUTH AVENUE
WEST WESTFIELD, NEW JERSEY 07090
Briet: ASSIGNMENT OF ASSIGNORS INTEREST,

Legal Status:
Date +- Code Deseription
19880502 0 AS New owner name; RANK TAYLOR HOBSON LIMITED, 2 NEW
STAR ROAD, LEICE; | ASSIGNMENT OF ASSIGNORS
INTEREST  ASSIGNOR RANK ORGANISATION PLC,
THE . REEL/FRAME004864/01 16, Effective date: 19871021
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